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The first of the reports on 
flood-prevention measures in 
the territory seriously af- 
fected last March has now been rendered. 
Messrs. Alvord & Burdick recommend for 
Columbus a scheme costing about $11,000,000, 
which expenditure they point out is war- 
ranted from financial considerations alone, 
since the annual flood damage for the last 
fifteen years has been not less than $540,000 
per annum. The engineers find that a maxi- 
mum flood flow of 150,000 sec.-ft. should be 
provided for and that channels or flood-relief 
measures should be so proportioned that one- 
half more than the computed flow can be 
cared for before a great calamity or disaster 
similar to that of last March would occur. 
Consideration is worth while also, they be- 
lieve, of projects to care for 200,000 sec.-ft., 
for which volume a combination of reservoirs 
and new channels in the city is the cheaper. 
For flows of 150,000 sec.-ft. a channel proj- 
ect alone is of lower cost. Reservoirs, of 
course, will benefit other communities in the 
valley, and if they are willing to share in the 
expense the projects in which reservoirs are 
combined with channels will have an ad- 
vantage over all others. While the report 
itself will be read with care by engineers, it 
will be still more interesting when it can be 
compared with the reports in preparation for 
Dayton and other Ohio cities. The important 
point now, however, is that one of the recom- 
mended plans be pushed rapidly in order that 
construction. may be begun. At best, rea- 
sonable time will be needed to sound other 
communities which might be interested in 
joint financing of a reservoir project. But 
on the other hand, the matter should not be 
allowed to drag. Remembering that what 
is everybody’s business is nobody’s business, 
responsibility for pushing the matter to a 
conclusion should be definitely fixed. 


Columbus 
Flood Report 


Hadley a New ‘The election of President 
Haven Director Hadley of Yale University 
as a director of the New 

Haven road has unfortunately received less 
public notice than it deserved. The public 
served by that company is to be congratu- 
lated upon his entrance to the board at a 
time when he can have a voice in the pro- 
tective reconstruction movement which. con- 
fronts the new management. One of the 
railroad conditions with which the public finds 
fault is the perpetuity in office of the inter- 
locking banking and railroad representatives 
who dominate most of our boards. As a 
matter of fact, the’ constructive criticism 
which is needed in large corporate enterprises 
may come more effectively from an outside 
student of policies and results than from one 
who has sympathetically viewed the opera- 
tions of the property from within. President 
Hadley represents a large security interest in 
the road, but his pre-eminent qualifications are 
his ability as an economist and his high pub- 
lic standing. As chairman of the Railroad 
Securities Commission appointed by Presi- 
dent Taft he rendered invaluable public serv- 
vice to. both the nation and the railroad 
corporate world. His opportunity as a New 
Haven director will be less conspicuous, but 
it is just as certainly a public service. The 
task of re-creating a favorable, even a tol- 
erant, public sentiment is a serious one, ‘and 


the directors and officials of the New Haven 
will have to do what they can with it, no mat- 
ter how much injustice they meet in the be- 
ginning. The election of an individual mem- 
ber of so large and powerful a board as that 
of the New Haven will not invest the road 
immediately with a public regard which it has 
failed to win and hold, but the step which this 
company has taken is one that other rail- 
roads will do well to follow, if they can find 
men in their localities of somewhat similar 
standing who are willing to take office. 


Attention has frequently been 
called in this journal to the 
value of publicity in origi- 
nating and carrying out engineering work. 
One of the surest ways of securing popular 
support for bond issues for engineering work 
is to put the facts clearly before the voters 
and appeal to their good judgment. Often 
conditions that must be rectified are so bad 
that they give all the publicity that is needed. 
A dangerous or bad-tasting water supply is 
a sufficient argument for the deve‘opment of 
a new source or the construction of a filter 
plant. Impassable streets do not need to 
have their shortcomings preached to the 
populace. In transient matters, however, it 
may be necessary to institute a publicity cam- 
paign to remind the people of dangerous or 
insanitary conditions, which grow less im- 
portant in their minds as time passes. This 
is quite likely to be the case with reference 
to flood-protection measures. Immediately 
after the heavy floods of last spring the city 
of Olean, N. Y., which had suffered consid- 
erable damage, retained Mr. George C. Diehl 
to make a study of conditions and to recom- 
mend abatement and protection measures. 
His report was rendered some time ago. 
Realizing the danger of apathy, the Chamber 
of Commerce has taken up the matter and is 
conducting a vigorous educational campaign 
by means of circulars and illustrated lectures, 
all under the direction of a trained publicity 
man. The reasons for the flood and the 
methods of abatement are being explained. 
It is hoped in this way to work up senti- 
ment in favor of the appropriations wh‘ch 
will be necessary to carry on the work. The 
same idea is being applied in a somewhat 
different way in Dayton, where a demand 
was found for information as to the progress 
of the flood-prevention studies. Accordingly 
a competent publicity man—an engineer with 
newspaper training—was engaged to put the 
data in shape for distribution to the news- 
papers. Doubtless his functions can well be 
widened when the report is finally rendered, 
though in a city so badly hit as Dayton was 
there is less likelihood of apathy than in 
places where the damage was less. The plan 
is well worth while for engineers to bear in 
mind. 


Publicity and 
Engineering 


During the arbitration of the 
higher-wage demands of the 
Eastern conductors and 
trainmen it was brought out that if the men’s 
demands were granted one conductor now 
getting $3.63 for a ten-hour run would re- 
ceive $9.69 when three engines were used. At 
the suggestion of counsel the witness blandly 
admitted that the men did not expect that 
much money, but that they sought “to make 


The Trainmen 
and Economy 


the practice of using two or more engines pro- 
hibitive.’ In other words, the brotherhoods 
not only want to fix their pay but decide, too, 
upon the methods of operating the railroads. 
For many years past the best efforts of civil 
and mechanical engineers have been applied 
to the reduction of operating ratios by en- 
larging car and train units. A part of the 
economy effected is frankly a reduction in the 
total wages by reducing the number of train- 
men. It has long been supposed that indus- 
tries were justified in the adoption of labor- 
saving machinery, but it seems that railroads 
are to be excluded from this privilege. If 
this be true, money spent on grade reduction 
may simply be thrown away, because the 
brotherhoods will not permit the lengthening 
of trains that wou!d be mechanically possible. 
In its remarkable series of studies whereby 
the Baltimore & Ohio was able to make 
such increases in train lengths the manage- 
ment seems to have made the fatal blunder of 
failing to get the consent of its employees, 
and we may expect it to go back to its short, 
inefficient trains, and offer its new dynamom- 
eter car for sale as junk. It will be inter- 
esting in the report of the arbitrators to note 
their decision on this point. 


Naim Gyr The article ‘on page 345 of 
Asphalt Cement this issue will not meet with 

the approval of a great many 
specialists in asphalt construction. They con- 
tend that tests for specific gravity, fixed car- 
bon, paraffine, sulphur, etc., which Mr. How- 
ard believes to be irrational, since they do 
not indicate qualities required in paving work, 
are necessary in order to differentiate types 
of materials which have proved successful in 
practice. Even the most ardent advocates of 
these chemical and other tests to which Mr. 
Howard objects cannot deny, however, that 
the clauses specifying these tests have been 
manipulated for dishonest purposes—to pre- 
vent competition on merit alone. The way to 
reach conclusions in which all can agree is 
not to suppress one side or the other, but to 
present both, and thus shed light upon the 
subject. With this object in view, Mr. How- 
ard’s paper is presented. 


On the Other It is astonishing to see how 
Man’s Shoulders long a time is required to 

spread knowledge of proper 
designs and to impress on engineers the 
futility of again experimenting (?) with types 
of construction which careful observation has 
shown to be unsatisfactory. This is strik- 
ingly brought out by the methods being pur- 
sued in many parts of the country in the 
construction of concrete and of brick roads. 
In Wayne County, Michigan, in the one case, 
and in the city of Cleveland and Cuyahoga 
County, in the other, are found probably the 
best types of these roads. They have experi- 
mented with different proportions, fillers, ex- 
pansion joints, etc., and have proved to ‘the 
satisfaction of those with the widest experi- 
ence that certain designs and details are in- 
ferior to others. With the publicity given to 
the work in these two sections one would ex- 
pect that their experience would be widely 
applied. While probably true to a consid- 
erable degree, numerous cases could be cited 
of the utter neglect of what Wayne County 
and Cleveland have learned. It is the part 
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of wisdom, and a condition for progress, to 
stand on the shoulders of our predecessors. 
There are plenty of unsolved problems in both 
concrete and brick road construction to en- 
gage the attention of those who want to ex- 
periment. The experiments, however, should 
be in the line of advance and not upon meth- 
ods already found wanting. 


Concrete Roads of Wayne County 


Nearly five years ago the first concrete road 
in Wayne County, Michigan, was built near 
the town of Wayne. Since then the mileage 
has been increased year by year, and with it 
the fame of the system itself. Next week it 
will be subjected to a scrutiny hitherto un- 
known in its history, for the cohorts attending 
the Road Congress will descend upon it, ex- 
amine it both in a friendly and in an inimical 
spirit, and thresh out its merits and demerits 
in the corridors of convention hall and hotel. 
Even with this program in prospect it is not 
amiss to call attention to some of the features 
of the Wayne County work, for many engi- 
neers will be prevented by distance and other 
causes from participating in the inspection and 
the subsequent discussion. A fuller account 
of the system and methods will be found else- 
where in this issue. 

While the original road is still in excellent 
condition and shows the typical mosaic surface 
characteristic of even wear, errors have been 
made in experimenting with leaner mixes, 
kinds of joints and numbers of courses. Nev- 
ertheless, one readily sees on inspection that 
the work is in the hands of men who are 
advancing the art of roadbuilding at a rapid 
pace, avoiding the repetition of mistakes as 
soon as they are apparent. It is to their credit 
that not a singie slab put down by the com- 
missioners has been removed. 

Concrete in roads undoubtedly gets harder 
usage than in most other forms of concrete 
construction. Each surface stone is ham- 
mered continually by the traffic passing over 
it, while the structure as a whole is subjected 
to considerable stress in carrying loads from its 
surface to the foundation. The impact on the 
surface stones is severe, while unevenness of 
surface and irregularity at expansion joints 
increase the shocks to which the pavement is 
subjected. In consequence, the Wayne County 
officials use a rich mixture, 1:1 14:3. This is 
the nominal mixture, but actually the sand is 
apportioned to more than fill the voids between 
the stone. An extra effort is exerted to get 
the surface true, especially at the expansion 
joints, where troweling away from the iron 
strips has given much better results than 
troweling toward the strips. Even brief con- 
sideration of the difficulties of the work will 
convince one that it requires the best of work- 
manship, a richer concrete, better inspection 
and supervision, more careful holding to 
grades and protection from drying out than 
almost any other kind of concrete construc- 
tion. These things seem to have been well 
appreciated in Wayne County. 

Maintenance, too, has been put on a sound 
basis. The concrete roads receive careful at- 
tention the season following construction in 
the way of tar coating on and in all expansion 
joints and accidental cracks, most of which 
develop within that period. So well do the 
men with the tar pots do their work that it 
is not uncommon to find pits caused by a 
sirigle I or 2-in. loosened stone covered with 
a splotch of tar. This splotch is eventually 
ironed out to a formidable looking patch of 12 
in. or more in diameter. Larger holes where 
some raveling has taken place due to insuffi- 


‘qualities of a 


ciency of mortar are cleaned thoroughly be- 
fore applying the gravel and tar. 

Armored expansion joints are put in at an 
arbitrary interval of 25 ft. This figure corre- 
sponds very well with observations recently 
made by a representative of the Engineering 
Record on a California concrete road, 4 in. 
thick and 15 ft. wide, which was to be covered 
with oil. In a distance of 1120 ft. the cracks 
appearing within a month of the time of lay- 
ing averaged 28 ft. apart, but varied from 6 
tOm7ouit. 

Finally a word is needed on the general con- 
duct of the work. It was found at an early 
stage that the contract system could not, or at 
least did not, give the required results, so the 
day-labor method has been in vogue. Ex- 
pending annually $600,000, employing, housing 
and feeding as many as 1000 men per month, 
purchasing and unloading 1200 cars of mate- 
rial per month and keeping $100,000 worth of 
equipment in trim would be considered in a 
private business a sufficient reason for the em- 
ployment of a corps of high-salaried officers, 
a retinue of clerks and bookkeepers, to say 
nothing of a force of engineers, inspectors 
and foremen. When it is learned that the 
paltry sum of $6225 was expended last year 
for supervision it is readily apparent why the 
Wayne County system has been studied with 
more than usual profit by communities in other 
sections about to enter on a roadbuilding era. 


Seeing Is Believing 


The value of the educational propaganda 
carried on by manufacturers of engineer- 
ing materials and equipment has frequently 
been commented upon in these columns, 
Through the advertising pages of technical 
periodica’s and through pamphlets the uses of 
equipment have been taught and much good 
has been accomplished in inculcating proper 
ideas as to the utilization of new and old 
materials. These publicity methods, however, 
have limitations, particularly when it is de- 
sired to convince engineers of the lasting 
material. Photographs and 
descriptions, unless very compete and from 
a variety of sources, fail to carry the convic- 
tion necessary to secure the adoption of one 
material in the face of strong and worthy 
competitors. “Seeing is believing” applies as 
well to engineers as to the children who use 
this expression. It is for this reason that 
the annual meeting of the National Associa- 
tion of Paving Brick Manufacturers in 
Cleveland last week was turned into an in- 
spection tour for city engineers and highway 
officiais and that cement companies have been 
taking parties to see the concrete roads in 
Wayne County, Michigan. They believed 
that they had something to show that the 
“seeing” would carry conviction. At Cleve- 
land there was no hesitancy in showing brick 
pavements that were not satisfactory; but 
even these carried lessons that may have been 
as beneficial as the impression made by the 
better roads. As to the inspection of high- 
ways around Detroit, it is urged that they 
have not yet proved a success, and it will be 
interesting to note whether inspection parties 
will be taken to view them when they are ten 
rather than five years old. Without going 
into controversies as to the merits of different 
types of pavement, it may be admitted that 
inspection trips may not always be honest. 
Nevertheless, they open to the manufacturer 
an opportunity to conyince the engineer 
as to the merits of the products that can 
stand the test of close scrutiny. It is self- 
evident, of course, that there are limits to 
the entertainment which an engineer can ac- 


cept. While he might well accept hospitality 
at the point of inspection, his independent and 
impartial position demands that he decline 
entertainment in the form of full expenses 
for a long railroad trip. Furthermore, in 
making the inspection his wishes must pre- 
vail, for fear his hosts may show him only 
the good and prevent him from seeing the 
bad. First and last he is a professional man 
and must be guided by his professional ethics. 
He cannot accept any courtesy or entertain- 
ment that will prevent him from deciding 
against the particular material should his 
judgment demand it. 


Permanent and Impermanent 
Elements of Roads 


Road construction as a practical art is at 
present in a decidedly unsettled state. Old 
conditions have been overturned; new condi- 
tions are changing rapidly. New materials 
and methods are continually being offered, 
while inventors and makers of heavy vehicles 
outstrip roadbuilders. Swift-moving, motor- 
propelled pneumatic tires exert quite different 
destructive tendencies upon road _ surfaces 
from those exerted by steel tires and horses 
traveling at slower speeds. Ten-ton, and 
heavier, loads require more substantial sup- 
port than the lighter loads of bygone days. 
But in some places, where roads have been in- 
telligently adapted to their traffic and separate 
ways provided for motors and horses, experi- 
ence is showing that the older kind of traffic 
sometimes causes the larger maintenance bills. 
In other words, the automobile is not so 


destructive to roads as commonly. reputed, 


given roads suitably made. 

In much of the modern study of roads at- 
tention has been too exclusively concentrated 
on the surfacing. In order to please as many 
persons as possible with the least first cost 
endeavors have too often been made to cover 
many miles of road with some sort of pave- 
ment that would present a good appearance, 
and make convincing “before-and-after” pho- 
tographs to exhibit to “constituents.” Re- 
cently, at the close of such an exhibit contrast- 
ing the profound ruts and sloughs “before” 
with the smooth new surface, an engineer sug- 
gested that if the pictures were preserved five 
years they might appropriately be shown in 
reverse order to point another moral. Fre- 
quently such pavements have been laid upon 
foundations inadequate for the traffic and in- 
sufficiently drained to prevent the destructive 
effects of water and frost. Some of them 
have been built with the proceeds of long-term 
bonds, and in such cases communities and 
States are now realizing the gravity of the 
blunder, finding their money gone—and their 
roads, too. More conservative policies would 
not immediately produce so many miles of road 
with a given appropriation, but would result 
in ultimate economy. 

Better highway construction must begin with 
careful regard for location and grades. Foun- 
dations must be well drained and of sufficient 
depth and solidity to sustain heavy loads with- 
out injury. Embankments must be built of 
suitable materials and thoroughly consolidated. 

The width of pavement needs careful con- 
sideration. If too narrow, it soon begins to 
break down along the edges, its life being 
thus materially shortened. Safety, too, de- 
mands greater width for the passing of high- 
speed vehicles than was necessary with slow- 
moving vehicles, while serious accidents have 
resulted from one or two wheels of an auto- 
mobile sinking into a soft road shoulder while 
the other wheels were on the pavement. 
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In view of these considerations it seems 
fitting to differentiate the parts of the highway 
structure as to their permanence. For a well- 
located road the ground structure—the cuts, 
fills, culverts, masonry bridges, in fact every- 
thing below sub-grade, together with a high- 
class concrete foundation for the pavement— 
may justiy be considered as permanent. Con- 
sequently for these portions of the road money 
might properly be raised on long-term bonds. 
Very few kinds of pavement when well laid 
and cared for are proving that twenty to 
thirty-year bonds may be justifiable to defray 
their cost. Others should be paid for only 
from current cash, as they need renewal in 
from one to five years. There are inter- 
mediate grades of surfacing for some of which 
short-term bonds may be permissible, but such 
bonds are often not very attractive to bond 
buyers. 

Careful consideration’ of these principles 
would go far toward creating a saner policy 
in road expenditures and save the “good- 
toads” movement from the discouragement 
that would be sure to result from a continuance 
of erroneous financial and construction poli- 
cies. 


Principles versus Practice in the 
Teaching of Engineering 


The increasing influence of the specialist in 
modern professional life is being felt in in- 
stitutions of higher engineering education to 
a degree which warrants a note of warning 
against a possibie neglect of fundamental prin- 
ciples in the intense pursuit of current practice 
which is found in so many classrooms as the 
natural result of employing the so-called 
“laboratory method” in up-to-date instruction. 
Interest in concrete problems and apparatus 
naturally is felt by the student of engineer- 
ing. The majority of undergraduates prefer 
to be taken through a large plant on an in- 
spection trip or to be allowed to perform 
minor tasks in connection with some test or 
construction work of commercial value than 
to “bone down” to principles and mathematics 
bearing upon the theoretical side of present- 
day practice. Abstract problems appeal only 
to the minority in every walk of life. Just as 
the present civilization cannot be correctly in- 
terpreted without a reasonable knowiedge of 
the past, so must the most enduring progress 
in the engineering profession rise from the 
great fundamental principles which are vir- 
tually fixed in comparison with the ephemeral 
practice of the moment. Little danger exists 
that practice will be ignored in schools re- 
sponsive to the spirit of the laboratory, but 
there is some doubt whether the fascination 
of studying the latest vogue in different engi- 
neering specialties may not at times obscure 
to both teachers and students the profound 
importance of fundamentals. 

Experimentation without thorough ground- 
ing in principles may uncover valuable finds 
now and then, but it will not further the most 
ficient work. The limitations of current 
practice are very much greater than most 
people realize, and many a young engineer 
thas learned this to his sorrow when he has 
tried to meet new conditions with handbook 
formule of restricted scope. It has often 
happened that results of enduring value have 
‘come about through the work of so-called 
theorists upon empirical data and designs 
which alone have failed to solve the problem 
in hand—and which probably never would 
have solved it without the help of the expert 
in principles. This point was illustrated by 
Dr. James Douglas in his commencement ad- 


dress last spring before the Colorado School 
of Mines, upon the “Larger Importance of 
Principles than Practice in Technical Educa- 
tion.” He showed that the effect of the in- 
jection of air into molten metal was perfectly 
understood before Bessemer brought mechan- 
ical ingenuity as well as chemical science to 
bear upon the solution of the pneumatic 
method. The practicability of extracting the 
carbon to the exact point at which pig iron is 
converted into steel proved to be so difficult 
that the Bessemer process would probably 
have had a limited range of usefulness had not 
the suggestion of another chemist been 
adopted—to oxidize all the carbon, then readd 
to the charge the specific amount of carbide 
of manganese with a known quantity of car- 
bon to recarbonize the iron, while the man- 
ganese absorbed any dissolved oxide of iron. 
The whole success of this momentous im- 
provement, which was no discovery at all, de- 
pended upon the application of known facts 
to meet certain practical conditions. 

Insufficient knowledge of principles spells 
disaster for the engineer who attempts to rely 
upon current practice alone in contributing 
to the real advancement of the industry.. In 
the electrical field, new methods and applica- 
tions are coming so rapidly into use that the 
practitioner without a deep-rooted understand- 
ing of the laws which underly it finds himself 
hard put to keep in sight of the “tail-end” of 
progress; he loses time in grasping the signifi- 
cance of specific developments and undertakes 
original and responsible work at no small risk 
to his reputation. Without a knowledge of 
stresses and strains, he designs a steel tower 
transmission line at his peril; without keen 
comprehension of the phenomena of inductance 
he locates and spaces his conductors with the 
chance that the resulting voltage drop will be 
perhaps 30 per cent greater than is warranted; 
and without an understanding of all the com- 
plex electrical considerations influencing the 
power-factor and the load-factor, he copies 
his neighbor’s practice at the risk of financial 
ruin. All the construction drawings of con- 
crete reinforcement that can be crammed into 
a single desk after being brought home from 
other jobs are of little value if the designer 
confronted with a new set of conditions is 
weak on figuring his own stresses. In the 
field of power-plant design the engineering 
executive whose word is final in the selection 
of machinery may not be familiar with all the 
latest practical appliances for corralling the 
elusive heat unit between the furnace and 
the feed-water heater, but he must possess a 
knowledge of the fundamental laws of steam 
engineering if he is to be anything beyond 
a puppet in the hands of his subordinate 
officers. 

This side of the subject of professional edu- 
cation is apt to be overlooked by the young 
fellow whose enthusiasm is rightly stimulated 
by frequent observation of the triumphs of the 
men in the field, but he will realize it soon 
enough if he associates with less well- 
grounded workers after graduation. It is sur- 
prising how flexibly one can meet new de- 
mands year after year, given sound and ex- 
tensive preliminary training in main prin- 
ciples, supplemented by constant hard work in 
their varied application. There is no need to 
discuss here the relative benefits of class- 
room and laboratory instruction or the com- 
parative value of'machine design and machine 
testing; for all these phases of education have 
their place in a well-planned curriculum. But 
in the last analysis, manual skill belongs to 


the artisan rather than to the engineer, and a> 


knowledge of principles is of more value to 
the latter than familiarity with engineering 


equipment. Even the engineer’s acceptance of 
principles, outside of mathematics, should be 
held as open to modification, but in the main 
the fundamental laws of physics and chem- 
istry should be appreciated in all their inclu- 
siveness as the primary working tools of the 
profession, and as such should receive the first 
consideration of instructors, whose lives are 
largely devoted to sending properly qualified 
recruits into the ranks of modern industry. 


Grade-Crossing Elimination 


in discussing grade-crossing elimination in 
its report for 1912 the New Jersey Board of 
Public Utility Commissioners expresses itself 
in favor of the division of the cost of such 
work between the public and the railroads. 
Nevertheless, the Legislature, subsequent to 
the preparation of the report, and knowing 
that the board was opposed to the policy, 
saddled the entire expense on the railroads. 
Of course, the board has no alternative now 
but to enforce the law; its conviction, how- 
ever, should insure the administration of the 
statute so as to do as little injustice to the 
railroads as possible. 

On account of the board’s attitude it is 
worth noting its general conclusions on the 
subject. The report points out that a rational 
solution of the problem requires an apprecia- 
tion of the immeasurable difference in hazard 
between grade crossings that gridiron a popu- 
lous city and those in open country. The board 
classifies crossings according to the elements 
of danger. It cites the following conditions 
as dangerous: Two or more tracks on a sharp 
curve with obstructions close to the right-of- 
way lines, and light vehicular traffic; diagonal 
crossings where an approaching train can be 
seen from a vehicle only by looking backward; 
obstructed view to the right-of-way line at all 
corners; crossings where travel is heavy, with 
only a fair view of trains in either direction; 
much-used crossings where trains standing at 
a station obstruct the crossing, and, finally, 
crossings with four or more tracks of which 
the middle tracks are used for high-speed. 
trains. Obviously certain combinations of 
these conditions greatly increase the danger. 

But even in the cases cited expense is not a 
negligible item. The public often demands 
safety measures at whatever cost, but prac- 
tically no more money can be spent than can 
be raised. The commissioners point out that 
there are other elements of danger than grade 
crossings in railroad operation. They con- 


cede that it is the duty of the railroads by 


good management, the installation of mechani- 
cal devices, proper signal systems and strict 
enforcement of rules to eliminate them as far 
as practicable, and they consider it the duty 
of the State authorities to require these things 
if they are not voluntarily provided. They 
appreciate, however, that there is a limit to 
such requirements which cannot be passed if 
the railroad company is to continue to supply 
service. It is difficult now for some smaller 
roads to maintain tracks, bridges and equip- 
ment in condition for safe operation; to com- 
pel them to eliminate grade crossings would 
mean bankruptcy. Grade-crossing elimination 
is very expensive, and the need in individual 
cases should be carefully weighed against 
other safety measures which can be provided 
for the same expenditure. Finally, it is worth 
while to remember that in practically all cases 
accidents at grade crossings are due to the 
negligence of at least one of the victims, 
which is not true with other classes of rail- 
road accidents to the prevention of which the 
grade-crossing money might be applied. 
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Wayne County Concrete Roads Serve Farmer and Motor Driver 


Hard Roads in Wayne County, Michigan 


Eighty Miles of Concrete Roads Leading Out of Detroit Have Been 
Built in the Last Five Years, Principally by the Day-Labor Method 


One horse instead of two to a loaded truck- 
gardeners wagon, motor trucks for milk col- 
lections and a 30 per cent saving in time for 
the farmer’s trip to town are a few of the 
ways in which the man who lives along the 
hard roads of Wayne County, Michigan, says 
he is benefited. 

Wayne County’s principal city, Detroit, is 
situated at the center of one side of the in- 
ternational boundary, the Detroit River flow- 
ing north and west of the Canadian city of 
Windsor. Farmers’ produce, therefore, must 
be brought in from three sides only, and the 
40,000 owned automobiles and other urban 
vehicles concentrate traffic on main arteries 
laid out by the founders of the city in ten 
radial trunk roads. With the rapidly increas- 


ing manufacture of power-driven vehicles, © 


which scatter a water-bound macadam road 
over the fields, there developed an insistent 
request for numerous additions to the system 
and a panacea to prevent the maintenance 
charges from mounting higher and higher. 
Topographically Wayne County is com- 
paratively flat, with a clayey soil interspersed 
with a few sandy stretches. In the spring 
unimproved roads are wellnigh impassable. 


Micuican Roap Laws 


Michigan’s laws relating to roads include 
provisions for State aid or State reward of 
$500 per mile for gravel roads and $1,000 
per mile for concrete and macadam roads, 
given to such counties as adopt the county- 
road law, elect supervisors and improve such 
roads as the county as a unit is willing to 
take over. 

Money comes from two other sources— 
from the sale of fifteen-year county-road 
bonds, of which $2,000,000 have been author- 
ized in Wayne County; and from a county- 
road tax levied by the Board of Supervisors. 
The latter sum cannot exceed 50 cents per 
$1,000 of assessed valuation. For 1910 and 
IgII the county-tax levies were 48 and 6 
cents per $1,000 respectively. No tax from 
this source was levied in 1912, as more money 
from the sale of bonds was available than 
could be spent economically. 


In addition to the ten radial roads which ~ 


focus on the city hall in Detroit, as shown in 
the accompanying drawing, there are second- 


ary roads connecting small centers of popu- 
lation and tributary roads connecting the 
trunk lines. Of the 1375 total mileage in the 
county outside of the cities and villages only 
157 miles are under the supervision of the 
county highway commission. Approximately 
120 miles are improved, and of these 80 miles 
are of concrete. 

Choice of road material in Wayne County 
outside of the cities for the last few years 
has fallen on concrete. Lack of proper clay 
makes the cost of a brick road prohibitive, 
according to the commission, and various 
other materials tried were unsatisfactory, 
particularly from the maintenance standpoint. 
Also, the original costs of road per square 
yard depend quite largely on local conditions, 


inasmuch as hauling charges enter so largely 
into the total cost. The range is from $1.04 
for a stretch near Wayne five years ago, 
where the railroad was close at hand, to $1.71 
per square yard on Jefferson Avenue, 9 miles 
from a railroad, raising the price of mate- 
rials 85 cents per yard. An average of $1.50 
per yard is given for first cost. 


BUILDING THE RoAps 


Specifications for the roads now being con- 
structed have remained practically un- 
changed for the last two years, but special 
attention is paid to get the surface flush with 
the Baker expansion joints, which are held 
in place rigidly until the concrete has set. 

A special effort has been made to teach 
the men to trowel away from the joint rather 
than toward it, as the latter process invari- 
ably results in depressing the surface each 
side of the joint. 

Many of the men, mostly Italians, have 
been on the work since it was started by 
the day-labor system four and five years ago 
and have become skilled. Nevertheless, they 
are continually watched by the inspectors and 
retained at certain positions to increase their 
skill. It is desired to get the traffic down to 
the stones in the concrete as soon as possible 
so that no tamping is done which might 
bring mortar to the surface. In two months’ 
time traffic on a trunk road wears the sur- 


- face to such an extent that the pebbles begin 


to show the mosaic effect, and thereafter they 
take practically all of the wear. 

When a road is taken over as a county 
road it is given a name,-usually the one by 
which it is known to the general public. A 
suryey, plans and profile are then made and 
filed with the State Highway Department, 
together with a copy of the specifications and 
an application for State reward, after which 
the subgrade is prepared, shaped and rolled 
hard with a to-ton roller. The concrete is 
laid right on the natural subsoil. Side rails 
of 2 x 7-in. lumber are protected on top by 
a 2-in. angle iron. When the concrete has 
become sufficiently firm to permit the removal 
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of the rail, the finishers pare off the outer 
edges which are formed next to the rails, to 
prevent a sharp dividing line between the 
concrete and the gravel shoulders. 

Trunk roads are built 16 ft. wide, with 
gravel or limestone shoulders 4 ft. wide on 
each side. The lesser traveled roads have 12 
or 15 ft. of concrete with a minimum width 
over all of 24 ft. 

The concrete is deposited wet, so that no 
tamping is necessary after it is placed. When 
this is done no workman is permitted to dis- 
turb the surface by stepping or throwing any- 
thing on it, or in any other way. The strike- 
off men use a plank trimmed to the curva- 
ture of the road and iron bound on the lower 
edge. It rides smoothly on the iron edges 
of the form boards, or rails, at the side of 
the concrete, and is handled with sufficient 
care to eliminate the necessity for any con- 
siderable floating by the follow-up men. 
These floaters work on a bridge which rests 
on the form planks at the edge of the road, 
so that there is never any contact with the 
concrete. This rule to keep off the concrete 
is rigidly enforced. Smoothing is done with 
simple wooden floats of home manufacture. 

Each day’s work is finished up to an ex- 
pansion joint and no more than twenty min- 
utes are permitted to elapse between batches 
during the day. ‘The work of the day is 
covered with canvas, and the next day, to 
keep the concrete from drying out too rapidly, 
the canvas is removed and the concrete cov- 
ered to the depth of about 2 in. with avail- 
able sand or loose soil. The concrete is 
sprinkled continuously for eight days. Roads 
are not opened for at least two weeks after 
the last concrete is put in place. 

The gravel or stone shoulders are put on 
in layers 3 in. deep and rolled with a 1o-ton 
roller, This work is not started until the 
adjacent concrete is at least three weeks old. 

Machinery is used wherever the same or 
a better result can be secured. Traction en- 
gines trail from two to four 7-ton wagons. 
Graders are also drawn by steam tractors, 
which do the work of from six to eight 
horses more efficiently and more rapidly. 
Old roads are rooted up with a scarifier or 
gang plow. Water is pumped for miles by 
gasoline engines. Stone and sand on some 
of the roads are unloaded with a steam grab 
bucket. 

As the mixer and gang work backward 
toward the base of supplies, hauling mate- 
rials to be used to the road is done with con- 
siderable nicety, so that it is usually unnec- 
essary to haul in extra sand or pebbles to 
make a properly proportioned batch. 

The subgrade is thoroughly wet before any 
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concrete is placed on it, in order that the 
water will not be absorbed from the con- 
crete. The roads are built in 25-ft. sections, 
with a protecting plate 3/16 in. thick and 3 
in. wide at each contraction joint. These 
metal plates are intended to protect the edges 
from spalling and chipping. They are 
shaped to conform to the crown of the fin- 
ished road, which has a slope of % in. to the 
foot. Two thicknesses of asphalted felt, of 
about % in., are inserted between these metal 
plates; cutting the entire depth of the con- 
crete. The plates are provided with shear 
members which tie them securely to the 
concrete. : 

Work is now going on with three crews. 
A typical outfit is now building the. Seven- 
Mile Road, which connects, as an outer belt, 
Gratiot, Van Dyke, Mount Elliot and Wood- 
ward Avenue roads. With a %-yd. mixer 
thirty-six men, including those spreading 
earth on the finished surface, sprinkling and 
preparing the subgrade, lay from 500 to 600 


Cracks Covered with Tar 


ft. per day of 12-ft. road. Shortage of 
water—as many of the wells in the vicinity 
are dry—retards the work, but the men are 
then placed on trenching, as may be seen in 
one of the photographs. Concrete -in the 
proportions of 1 part Universal Portland ce- 
ment, 1% parts sand and 3 parts gravel is 
deposited between steel channel-iron side 
forms héld in place by iron pins. Water, to 
the extent of 15,000 gal. per day, is pumped 
through a 2-in. pipe with outlets every 400 ft. 


EQUIPMENT 
Approximately $100,000 is invested in 
equipment, all of which is housed in the 


winter in two immense galvanized-iron steel 
frame sheds at Wayne. In the last five years 
$30,000 has been charged off for depreciation. 
Some of the heavier pieces of machinery 
are: Ten Port Huron to-ton traction en- 
gines, three %-yd. and three %-yd. Austin 
cube mixers—all with street booms; sixty 7- 
ton steel Port Huron trailers, 15 miles of 
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Ditch at Side of Concrete Road 


2-in. pipe, ten Fairbanks-Morse gas engine 
pumps, eight Road King graders, one Acme 
and three Longnecker scarifiers, ten Port 
Huron horse-drawn sprinklers and a series 
of Miracle molds for 8, 12 and 24-in. cement 
tile,,and two Brownhoist locomotive cranes. 


MATERIALS 


All sand and gravel have been shipped in 
from points 175 miles or more distant. Pits 
at Pleasant Lake, Ind. Grand Rapids and 
Chilson, Mich., have been drawn on. Both 
portions of the aggregate are washed and 
screened. The gravel ranges from %4 to 1% 
in. in size and the sand from % in. down to 
dust, but the larger grains predominate. 

It is the practice to store material during 
the non-working season at convenient points 
along the roadside, rehandling it the coming 
summer being more economical than the cost 
of delays to the working crews during the 
short working season. 

A combination of hauling engines and 
horse-drawn vehicles is used, as the former 
are impracticable over unimproved roads in 
wet weather. Under favorable conditions 
twenty-five cars have been unloaded with six 
men and the locomotive crane. 


MAINTENANCE AND CONDITION 


On the first road built near Wayne it is 
estimated less than 4% in. has been worn off. 
On Gratiot Road, two miles from the city 
limits, is a 134-mile stretch of road that was 
built late in the season of 1910 and opened 
before it was perfectly set. It pitted badly 
under the heavy team traffic. Last year, as 
an experiment, it was covered with Dolar- 
way; but too much material was applied and 
the surface became wavy and some peeling 
took place. This road has been retouched 
this season with a thin coating of Tarvia. As 
a result of their experience with this road 
and other short stretches, the commissioners 
advise that care be taken not to deposit too 
thick a layer. If it is not thick enough it is 
easy to increase it; but it has been found 
difficult to cut down a layer which is too 
thick. 

All other roads have been gone over this 
season and all joints and pits are covered 
with tar from a wide-mouthed can, and then 
sand is sprinkled on. No costs separate from 
cutting of weeds, cleaning ditches, repairing 
bridges and culverts have been kept, with the 
exception of one road, where the cost of tar- 
ring amounts to less than $40 per mile. 

As a result of this treatment of the joints 
the roads now have a smooth surface, but in 
appearance the joints show up vastly wider 
than they are, the tar men spattering the 
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Striking Board and Bridge for Floaters 


cracks and small holes liberally and the sub- 
sequent traffic ironing out the material to 
widths of 12 in. or more. 

On an inspection trip early in September 
a representative of this journal examined 
some of the holes on Michigan Road by dig- 
ging through the tar, revealing the fact that 
the tar men were covering pits as small as 
I in. in diameter, as shown in the photo- 
graph. The splotch around the pit was more 
than 12 in. in diameter, giving quite an ex- 
aggerated idea of the original hole. 

Longitudinal cracks are attributed to set- 
tlement and transverse cracks to not cutting 
the expansion joint entirely through, a con- 
dition showing more often in the earlier 
work when the felt was not used but a strip 
of wood, which was subsequently pulled. 

On Michigan Road along the river it was 
necessary to build a 24-ft. road over part of 
the fill, as the former road was 8 to Io ft. 
narrower than the finished road. This road 
has a stretch of longitudinal cracks. 

It is now the program to fill all expansion 
joints and incidental cracks the season fol- 
lowing construction, as it is believed prac- 
tically all openings will appear by that time. 

On Van Dyke Road, where stretches have 
been constructed each year since I9I0, it is 
practically impossible to tell anything about 
the relative age of the road either by walk- 
ing or by riding over it. 

At the beginning of Woodward Avenue 
Road, beyond the city limits, there is a stretch 
of 1 mile of concrete constructed in I910. It 
has an inverted curb, which accounts for 


- chief clerk and three assistants. 


many of the longitudinal cracks. It is of 
two-course work, with the top of 1 to 3-in. 
crushed cobble or field stones. This material 
was used because it had been hauled to the 
job for a macadam road before concrete was 
decided upon. It has the typical mosaic 
appearance, which shows wear, but is in good 
condition, 

So far the commissioners state not a single 
slab of concrete built by them has been torn 
up. On Grand River Road there is a 1¥%- 
mile length of concrete placed by contract 
under Redford Township officials which has 
gone to pieces. This has been replaced in 
large measure under the direction of the 
commissioners. Indicating the necessity of 
washed gravel and clean sand, it is stated that 
analyses of the concrete showed 14 per cent 
clay and a lean mixture. 


ORGANIZATION 


Three elected commissioners supervise the 
construction through an office employing a 
Two engi- 
neers reporting to the board directly do the 
engineering work, with one assistant engi- 
neer and two helpers. Each crew is handled 
by a foreman who hires his own force, but 
the schedule of wages for certain positions 
are fixed by the board. The chief clerk em- 
ploys the timekeeper, who is entirely inde- 
pendent of the foreman. All men are paid 
by check by a paymaster who travels from 
job to job. It is pay day somewhere every 
day. Last year supervision in the office cost 
$6,225. With this force were handled 1000 
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Sprinkling and Covering Newly Laid Road 


cars of material a month, as many as 1000 
men on the payroll, and a disbursement of 
$600,000 for the 30 miles of road constructed. 

At the storage building is a storekeeper 
and assistant, who are engaged in making 
concrete tile when not attending to stock, 
which is only issued on requisition. 

Reports are made daily by the timekeepers, 


who give information on the progress, unit 


costs, force employed, condition of supplies, 
a careful account of the cars and stock in 
them at the various sidings. All expendi- 
tures and orders are issued on suitable forms, 
copies of which are mailed to the office for 
checking of bills. Absolutely no oral orders 
are allowed. 

The board of Wayne County road commis- 
sioners is made up of Messrs. William F. 
Butler, chairman; John S. Haggerty and Ed- 
ward N. Hines. Messrs. G. A. Dingman, G. 
A. Burley and G. F. Key are the engineers. 


Granite Production in United States 


The production of granite in this coun- 
try during 1912 was valued at $20,234,041, ac- 
cording to figures given out by the U. S. Geo- 
logical Survey. Vermont, with an output worth 
$3,074,306, led; six other States produced 
more than $1,000,000 worth, and for seven 
others the output surpassed $500,000. Build- 
ing stone represented $6,126,754 of the total; 
monumental stone, $4,643,919; riprap, $1,485,- 
750; paving blocks, about $2,500,000, and curb- 
ing, flagging, crushed stone and the like, the 
remainder, 


Traction Engine and Trailers for Hauling Concrete Road Equipment to Next Job 


: 


TS Fe Ea 


SEPTEMBER 27, 1913 


Peo Gel Ne 1 Rib ait 


Flood Protection for Columbus, Ohio 


Methods Proposed by Messrs. Alvord & Burdick 
for Carrying 150,000 Second-Feet Safely Past City 


After the flood last March the city of Co- 
lumbus, Ohio, employed the firm of John W. 
Alvord & Charles B. Burdick, hydraulic and 
sanitary engineers, of Chicago, to investigate 
the situation and recommend flood-protection 
measures, Their conclusions and recommen- 
dations, given below, are embodied in a report 
recently submitted. 


CONCLUSIONS 


The maximum flow of the flood of 1913 at 
Columbus was, in round numbers, 140,000 sec.- 
ft. Of this total approximately 80,000 sec.-ft. 
came down the Scioto and 60,000 sec.-ft. from 
the Olentangy River at the apex of the flood. 
The average flows for twenty-four hours at 
the flood apex were 68,000 and 51,000 sec.-ft. 
in the Scioto and Olentangy respectively, or a 
total of 119,000 sec.-ft. 

Past records show that the average com- 
bined twenty-four-hour flood of the Scioto and 
Olentangy is about 33,800 sec.-ft. The flood 
of March, 1913, was therefore 3.52 times 
greater than the average flood. 

Studies of other floods and flood data gen- 
erally would indicate that, so far as records 
are available, the flood of March, 1913, was 
practically without precedent on this or other 
rivers of the eastern United States. Circum- 
stances may occur to produce a greater flood 
hereafter, but it is not probable that such 
flood will greatly exceed the one just past. 

The storm which produced the flood of 
March, 1913, especially in the extent of terri- 
tory which it covered, was one of the greatest 
ever known in this country east of the Pacific 
Coast. : . 

For the purpose of the protection of the 
city of Columbus against floods means should 
be considered by which a maximum flood flow 
of not less than 150,000 sec.-ft. could be safely 
carried by the city, with such clearance below 
bridges and excess height in embankments as 
would prevent debris from reducing the avail- 
able cross-section or create accidents at the 
time of greatest emergency. 


It is thought desirable, further, to consider’ 


the means by which floods of more than 200,- 
ooo sec.-ft. can be cared for in a similar man- 
ner, so that the authorities and the public may 
have their choice as to the amount and extent 
of flood protection which should be introduced 
at this time because the size of future floods 
cannot be accurately predicted. 

It is believed that channels or flood-relief 
measures based on either of these two stated 
flow rates should be so proportioned and so 
safeguarded by height of levee, clearance be- 
low bridges, and factor of safety that the 
channels which convey them could, on emer- 
gency, carry one-half more than the computed 
flow before a great calamity or disaster sim- 
ilar to that of March, 1913, would occur. 

Reservoirs on the upper watershed have 
been found practicable at reasonable cost, and 
for projects to carry 200,000 sec.-ft. a com- 
bination of reservoirs and new channel in the 
city is the cheapest, but for flows of 150,000 
sec.-ft. projects for channels alone are slightly 
the cheapest. 

Reseryoirs aid not only Columbus but Del- 
aware and the entire valley even as far as 
Chillicothe. Should any combination of inter- 
ests be effected, and these benefits taken into 
consideration, projects in which reservoirs 
are combined with channels will have an ad- 
vantage over all others. 


Studies on the automatic control of flood 
flow by the detaining type of reservoirs have 
shown that with two reservoirs on the same 
stream, one above the other, the second adds 
but little to the total efficiency. 

Further studies on this type of reservoir 
seem to show that with one reservoir on each 
river of the capacities here possible, a single 
reservoir on one of the rivers will be almost 
as effective in detaining the flood apex at 
Columbus as will the two. It has not been 
thought advisable, however, to reduce the es- 
timated cost of reservoirs below two—one on 
each river—at this stage in the comparison of 
projects. If, however, a single reservoir is 
ultimately found to be practicable, it would re- 
duce the cost of all the reservoir projects 
herein by $1,146,000—the cost of the Dela- 
ware reservoir project. 

It has been determined that the cost of flood 
protection in the ten projects which have been 
investigated ranges from about $10,000,000 to 
about $23,000,000, in round numbers, and that 
no practicable measure of flood relief can be 
had at much less cost than the lowest figure 
mentioned, and that no greater sum could 
profitably be spent at this time than the higher 
sum mentioned. 

The present value of the district flooded in 
March, 1913, all told, is estimated at the sum 
of about $50,000,000. It is further found that 
the damage done by the flood of March, 1913, 
as closely as it can be estimated, amounted to 
the sum of $5,600,000, and that this does not 
include the depreciation in real-estate values 
caused by the flood. 

The annual flood damage for the past fifteen 
years in Columbus is not less than about 
$540,000 per annum, and, based on financial 
considerations alone, this would warrant the 
expenditure of from $10,000,000 to $11,000,000, 
to prevent the recurrence of flood disasters. 

Undoubtedly the loss of life, distress, shock, 
and suffering caused by such a catastrophe 
would warrant a greater expenditure than 
this if it were found to be necessary. 

It is believed that adequate flood relief, 
which will be safe, permanent, and satisfac- 
tory, can be had for from $10,000,000 to 
$11,000,000. 

It is found that projects I to 6 inclusive are 
excluded both on the ground of their cost 
and for other lack of adaptability. 

Projects 9 and 10, combining reservoirs 
with channels, are not favored unless State 
aid and the co-operation of other municipal- 
ities benefited be obtained. As between reser- 
voir projects built by Columbus for its own 
protection and channel projects of equal cost, 
we favor channel projects as being a more 
simple and reassuring method to the public di- 
rectly concerned. 

Projects 7 and 8, providing for a flow of 
150,000 sec.-ft. across the west side at May 
Street, in conjunction with or without the old 
channel, would appear to be the best and most 
economical projects, all things considered. 

It is suggested that if the riparian owners 
will deed to the city their right to the aban- 
doned lands in the present Scioto channel be- 
tween Sandusky Street and Mound Street, so 
that it may be filled and either made into a 
park or subdivided and sold off as an asset, 
that project 7 be adopted. Project 7 provides 
for a new channel across the west side, known 
herein as the May Street cutoff. 

If such riparian owners do not care to so 
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concede their rights to the city, we would sug- 
gest that project 8 be adopted, providing for 
the retaining of the old channel around the 
bend, and rebuilding the present bridges, so 
that a flow of 50,000 sec.-ft. could be pro- 
vided for through the present river around 
the bend; the remainder of the flow to be 
taken through a new channel to be cut across 
the west side in the vicinity of May Street. 

Project 7, while apparently costing 
$1,176,000 more than project 8, has the fol- 
lowing assets which do not appear in the 
estimate: 65 acres, more or less, of ground on 
the abandoned channel for park or other pur- 
poses. Decreased maintenance of two railroad 
and two highway bridges. Greater traffic fa- 
cility from north to west side. In general, 
more compact, sightly, and improved condi- 
tions for the west side. 

The total cost of project 7, amounting to 
$11,263,300, should be properly divided among 
the steam railroads, the city, the county, 
and perhaps other corporations or interests 
that will be benefited more than they will be 
damaged, and we would suggest that all parties 
at interest agree upon a Board of Arbitration 
which shall apportion these costs equitably 
among the parties at interest so that no time 
may be lost in proceeding with this great pub- 
lic work. 


DESCRIPTION OF PROJECT 7 


Project 7 provides for a total flow of 150,000 
sec.-ft. with a factor of safety which would 
allow about one-half more flow before over- 
topping the levees. From the mouth of the 
Olentangy, where the rivers unite, the flow 
will be carried south through a new channel 
in what is called herein the May Street cutoff, . 
joining the Scioto River again below Mound 
Street. The present bed of the Scioto River 
around the bend to Mound Street is to be 
abandoned, filled, and can be made into a park 
or boulevard, as may be desired. 

The height to which it is proposed to allow 
the flood water to rise while carrying the 
above described amount of flow is much lower 
than that produced in the flood of March, 
1913, above the city. This lower height is ob- 
tained largely by the fact that adequate and 
direct outlet is obtained through the west 
side, and in part by excavation and width of 
channel. 

The new channel across the west side will 
about center on the line of May Street. It 
will be about 880 ft. wide at the top. The 
east line will be along McDowell Street, and 
the west line along Skidmore Street. The 
height of these streets will be raised to 46 
ft. above city datum, or from Io to 18 ft. 
above their present level. The width of the 
low water channel will be about 600 ft., and 
the water level held by the dam under the 
Mound Street bridge will be about 20 ft. 
above city datum. The bottom of the channel 
will be 12 ft. above city datum, giving a 
depth at low water of 8 ft. 


LEVEES 


It is intended to protect the northerly line 
of the west side by a massive levee constructed 
along the Scioto River. This levee is to have a 
top width of 100 ft. and a height of 12 ft. 
above the high-water mark of the flood pro- 
vided for. Another levee of importance will 
run north along the east side of the Olentangy 
bottoms to the high ground in the vicinity of 
Third Avenue, thus protecting the district 
north of the penitentiary from inundation. 
This latter levee will be 80 ft. in width, and 
of a sufficient height to be safe against all 
accidental ice gorges or other unusual condi- 
tions. 
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The old river bed, filled as it may be with 
the material taken from the new May 
Street channel, can be either made into an at- 
tractive park, or it may be so subdivided that a 
broad avenue shall pass through its center 
connecting with the city streets now existing, 
and all lands and lots thereby created may be 
either sold for the benefit of the improvement, 
or in part transferred to the riparian owners 
as compensation for their rights. 

It is proposed to extend the dam of the light 
plant only. 

It is proposed to build a levee connecting 
Mound Street with the Jackson Pike in the 
vicinity of Greenlawn Avenue. This levee will 
have a substantial breadth so that it may be 
converted into a drive, should the future im- 
provements indicate that is desirable. 

Considerable excavation will be necessary in 
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ceive and in part for proportionate costs which 
they should bear in any measure of flood relief. 

Another portion of this amount should be 
borne by the county in caring for its bridges. 

It is not known accurately what proportion 
will be necessarily raised by a bond issue by 
the city of Columbus, but it is believed that it 
will approximate 7% to 8% million dollars. 

The creation of a new river channel through 
the heart of a populated district, involving, as 
it does, the condemnation of some seven hun- 
dred and thirty buildings, will of necessity 
occupy the attention of the legal department 
of the city for some time to come. 


ADVANTAGES OF PROJECT 


The following advantages are found for the 
recommended project: 
It is believed to be planned with a factor of 
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This new channel will add greatly to the 
appearance of that part of the city by the in- 
troduction of the adjacent strips of park area, 
and by the permanent concrete bridges. 

It will permit the present bed of the Scioto 
River, consisting of about 65 acres, to become 
a park or a boulevard, if desired. 

It will eliminate four railroad bridges com- 
pletely, substituting only two others. 

It will amply protect the west side by the 
creation of a massive levee along its northerly 
side 100 ft. broad. 

In the future, if desired, these levees can 
become desirable drives or parkways both to 
the north and the south side. 

By the necessary acquisition of bottom 
lands to prevent encroachment, it will create 
an immense open or common ground for the 
entire city which, in a restricted manner, may 
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Plans of Projects 7 and 8 Indicating the Main Features of the Flood-Protection Plans for the City of Columbus 


the channel above Sawmill Island and below 
Mound Street. 

The easterly levee below Mound Street 
will pass around the Franklin Iron Works, 
and thence southeasterly to the old canal bed 
and the high ground at a point north of the 
Greenlawn Avenue bridge, and here it will 
terminate. Below this point the flood plain 
of the river will be used as it now exists, prac- 
tically between the old canal bed and the Jack- 
son Pike. 

The levees around the pumping station and 
the sewage disposal plant are to be raised and 
strengthened, but these works are not to be 
otherwise disturbed. 

The old levees immediately along the river 
below Mound Street may be kept in place so 
as to protect from ordinary floods. The extra- 
ordinary floods which will be expected to 
overtop them will be confined by the larger 
levees and the broader flood plain herein pro- 
vided for. 

The cost of this work is estimated to be 
$11,263,300, if project 7 can be strictly fol- 
lowed. Of this sum it is believed that a sub- 
stantial amount should be paid by the railroads, 
in part for improvements which they will re- 


safety to make it adequate for the future flood 
protection of Columbus. 

The more direct channel-way across May 
Street is an advantage in considering acci- 
dents due to ice gorges, wreckage, floating 
debris, etc., at times of large floods. 

The project has all the elements of simplic- 
ity, directness, and visible assurance which can 
be comprehended by the population it is to 
serve, 

It will add immensely to the value of 
property in the district lying east of the 
new channel by combining it with the heart of 
Columbus. 

It will take less miles of levee to protect the 
west side than any other project of equal ca- 
pacity. 

It will reduce the number of bridges to be 
built and maintained by the city and county. 

It will add greatly to the traffic facilities on 
the west side by connecting it more directly 
with both the north and south sides of the city. 

It will recover more area of valuable land 
nearer the heart of the city than it will de- 
stroy. 

The new channel for the river traverses the 
least valuable part of the west side. 


ultimately be developed into a park system. 
It will keep the river above Mound Street 
clean at low water, and create pools or ponds. 


TABLE oF Costs oF RECOMMENDED PROJECTS 7 AND 8 


Totals, Totals, 
Project 7 Project 8 
Preiiminary expense, 1 per cent.. $80,800 $71,800 
Land 35.2 a ce sh doce ae econ 3,088,000 2,657,500 
Direct) damages is s,. <2 slasleaotacentas 60,000 60,000 
Temvorary bridges and streets.... 46,000 80,000 
Changes in water pipes .......... 24,400 24,400 
Ghanges=nr sewets au. ceiane ~ 186,400 86,400 
Chatigesianlightine? sy avenremntemene 5.999 5,900 
Exdavation’’.... na @nwensniacwieae 2,416,000 1,841,500 
BPA SES: cc the-n's sane Miniter recente 1,289,200 1,493,200 
Dams and: weirs- ia ove eerie ee 482,000 482,000 
Control gates: «Seems annette 11,200 11,200 
Raising streets and new streets .. 418,500 384,500 
Repairing leveeSi se\ic.cme= os ne eens 48,100 48,100 
Adininistration by commission, 2 
Per Gent. acwjstaany anes eens 161,500 143,600 
Engineering and superintending, 6 
Per. Cent {iain pesca an eters 484,500 430,400 
Loss of interest during construc- 
tion; 3° perl centh- ci eeiraee eens 242,300 215,300 
Contingencies and indirect dam- 
ages, 8 “per cemt.niwae weenie. 646,000 574,000 
: $9,690,800 $8,609,800 
Changes in: railroads. .i...6.45 i. mn 229,000 229,000 
Railroad: bridges nta.< sone niece 926,000 880,000 
Changes in street railways ...... 65,400 63,800 
Changes in other utilities........ 90.000 86.200 
Add 20 per cent, detailed as above 262,100 251,800 
$1,572,500 $1,510,800 
Grandytotald' J.retras omer $11,263,300 $10,120,600 
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Asphalt Paving Cements and Road Binders 


Necessary Qualities and Laboratory Methods for Determining Them 


By J. W. Howard, C.E., Consulting Engineer on Roads and Pavements, New York 


Public welfare demands, and many honest 
city, county and state officials, engineers and 
chemists free from commercial influences, and 
independent producers and contractors, desire 
to know the characteristics and qualities which 
asphalt paving cements and road _ binders 
should possess to be good for use in making 
pavements and roads. Now that more than 
$150,000,000 are spent annually on roads and 
pavements in the United States—a very large 
part of it for asphalt and bituminous pave- 
ments and roads—we realize the importance 
of knowing what qualities these cementing 
materials should have and what laboratory 
tests they must meet to assure good results. 


Branp NAME AND GEOGRAPHICAL SOURCE 


An experience of more than twenty-five 
years in America and Europe, examining and 
constructing roads and pavements and testing 
their materials, has taught the writer that to 
secure the most durable, efficient and economic 
results, asphalt cements and binders (except 
where necessary patents are required) should 
not be specified by brand names; nor should 
covert descriptions in chemical and technical 
language be used in specifications to describe 
specific brands, as in some city and state 
specifications, to the exclusion of equally as 
good, and often better, asphalt cements which 
compete with one another as well as with the 
one or two brands thus required. Such speci- 
fications usually emanate from selfish com- 
mercial or political interests, and must be sus- 
tained by questionable methods of promotion 
and otherwise. 

Thirty years ago, when there were very few 
asphalts available, brand names were excus- 
able. But with the present large number of 
producers of excellént refined asphalts, as- 
phalt cements and binders, made from crude 
materials from the United States and other 
countries, it is in the interest of honest, eco- 
nomical public administration that good, def- 
inite, open specifications with plain, practical 
laboratory tests be everywhere adopted and 
enforced. 

The city, county, state and independent 
users are not concerned in the geographical 
source or crude materials from which asphalt 
products are manufactured. Specifications 
should have no requirements regarding the 
source of supply or the crude materials, nor 
the manner by which they are made into as- 
phalt products. That is solely a matter for the 
manufacturers. All refined asphalts, asphalt 
cements and binders are the product of refin- 
ing and are necessarily manufactured or arti- 
ficial products. A specification which refers 
to the crude asphalt or describes the process of 
manufacture of refined asphalt, asphalt cement 
or binders, should be looked upon with sus- 
picion or rejected. Such specifications some- 
times force inferior materials or high prices 
on the contractors and taxpayers. Contracts 
should specify the qualities and tests needed 
for good asphalt cements or binders for use in 

pavement surface layers, just as they specify 
the qualities and tests needed for good Port- 
land cements for use in foundations. 


IRRELEVANT CLAUSES 


Objectionable specifications which “let in’ 
or “exclude” one or another asphalt, with few 
real quality tests, have lately been used for 
some New York State highways, roads for the 
New York City Board of Water Supply, New 


York Park Department roads, and for high- 
ways in Pennsylvania. This is done by insert- 
ing irrelevant or useless tests for gravity, fixed 
carbon, paraffine, sulphur, etc., with special 
requirements or limits which fit the peculiari- 
ties of certain limited asphalt products, to the 
exclusion of others equally as good or better. 
Standard, essential, and useful tests are partly 
included and partly omitted, according to 
whether or not the asphalt product, thus se- 
cretly described (except to an expert), meets 
good requirements or not. Such wrong, un- 
wise, and unjust specifications are being 
steadily eliminated by good men and even 
others who wish to “avoid the appearance of 
evil.” 

Engineers and others who prepare specifica- 
tions must be careful not to copy commercially 
inspired ones, nor blindly adopt tests emanat- 
ing from persons in the employ of any one 
interest. Avoid specifications and opinions if 
found in some inspired or incompetent books 
or in similar articles in technical publications. 
Scrutinize carefully specifications of other 
cities and states which have often been either 
inherited or written to favor a few and not to 
be open to all good asphalt cements and 
binders, 

A few months ago, for instance, an article 
appeared in an engineering publication which 
set forth a mass of indefinite, indeterminate 
and irrelevant chemical and physical manipu- 
lations—with few exceptions not tests of 
qualities of asphalt products for paving pur- 
poses. The refined asphalts, asphalt cements 
and binders were in some cases not referred 
to as such, but as “residual pitches’ and 
others, which the article seemed to favor, as 
“native asphalts.” The crude materials from 
which the partly described, refined products 
were made were stated to be from California, 
Texas, Mexico, Trinidad, Bermudez (Vene- 
zuela), etc. Then followed conclusions not 
warranted from the premises or from such 
chemical tests as saturated hydrocarbon, par- 
affine scale, sulphur, residual coke, etc., which 
are non-essential tests, whereas essential tests 
for cementing strength, waterproofness, sta- 
bility under heat, effects of impurities, etc., 
were omitted. The conclusion left the impres- 
sion on the reader that the article favored one 
or two brands or products from certain 
sources, and decried or depreciated other 
products at least equally good, made from 
California, Mexican and other crude ma- 
terials. This also appears in some technical 
books, ostensibly of a general nature. When 
closely studied they seem to favor materials 
from certain sources of supply, and do not 
provide specifications open to all good and 
durable asphalts and bituminous products 
meeting all necessary requirements for the 
construction of good roads and pavements. 


QUALITIES WHICH ASPHALT PAVING CEMENTS 
AND Roap BinpvEers Must Possess 


While the producers of asphalt and bitu- 
minous materials are entitled to a hearing, the 
final decision as to what specifications, qual- 
ities and tests must be used is properly a 
matter to be determined by those who use and 
eventually pay for the construction and main- 
tenance of pavements and roads. 

All reliable and experienced engineers and 
chemists who have given close attention to 
the art of pavement and road construction 
know that certain basic qualities are needed 


in all asphalt paving cements and bituminous 
road binders. These basic and essential qual- 
ities are here arranged in tabulated form so 
that their separate importance, correlation and 
mutual complement of each other are ap- 
parent: 
1. Adhesiveness, or cementing strength 
2. Waterproofness, or freedom from injury 
by water 
3. Immutability, or freedom from deteriora- 
tion on exposure to sun and air 
. Cohesiveness 
. Ductility 
Flexibility, or pliability 
. Malleability, or ability to yield to shock 
without cracking 
. Consistency at mean weather (77 deg. 
Fahr.) temperature, proper for the kind 
of pavement or road 
9g. Minimum susceptibility to softening or 
stiffening during extreme weather tem- 
peratures 
10. Purity, or high percentage of bitumen 
11. Freedom from impurities of a vegetable or 
other deleterious character 
12, Freedom from injury by heat necessary 
when melting for use. 

Let us briefly consider what relation these 
twelve qualities bear to the finished pavement 
or road, and what laboratory tests conclusively 
determine these necessary qualities, in advance 
and during the construction of a pavement or 
road. 


oOo NAns 


ADHESIVENESS 


1. Adhesiveness, or cementing strength, 
is a self-evident quality needed to cement 
together the particles of mineral aggregate of 
a pavement. The laboratory test which de- 
termines the strength or adhesion of an as- 
phalt cement or road binder is made by meas- 
uring the tension in pounds per square inch 
needed at 77 deg. Fahr. to break a standard 
briquette made of the asphalt cement and sand. 
The briquette is of the same shape and size 
as Portland cement briquettes and is tested in 
the same kind of a machine. The sand used 
is 20-30 standard Ottawa sand. The propor- 
tions used are 9o per cent. of sarid and Io per 
cent. (if practically pure bitumen) of the 
asphalt cement. If the latter is not pure, then 
its pure bitumen is extracted and used. The 
briquettes when made are compressed to ulti- 
mate possible density and cooled. The records 
of each briquette and the average of three 
should be recorded. 


EFFECT OF WATER 


2. Waterproofness, or effect of water, is a 
very important quality, because pavements and 
roads are constantly exposed to rain and other 
moisture from above, by capilliary attraction 
from below, and by water which enters along 
and around rails and manholes, at curbs and 
other openings, and into slight cracks. If an 
asphalt cement is not waterproof, vegetable 
matter, soluble salts, earthy and other matter 
in it will decay, the cement will lose its binding 
strength and the pavement will disintegrate. 
All specifications should have, like those of 
Washington, D. C., and some other places, a 
requirement preventing the use of asphalt 
cements affected or injured by water. The 
laboratory test for waterproofness, or water- 
weakness, it might better be called, is made 
by coating a strip of glass with the proposed 
asphalt cement or binder and immersing half 
of the glass under pure water, the other half 
being left in the air to facilitate later- com- 
parisons. The water and the glass can be put 
in a sealed fruit jar. At the end of one week, 
and again after one month, an examination of 
the asphalt cement coating on the strip of glass 
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will show how seriously some asphalt cements 
are affected and decayed by contact with 
water. It must be remembered that all pave- 
ments and roads have tiny voids in them or 
are sometimes slightly porous, and that rain 
or other water may enter these voids; the 
asphalt cement is a thin film or layer on the 
sand or stone composing the pavement, similar 
to the layer or film on the sheet of glass which 
is being tested in water. The purer the asphalt 
cement, the higher the per cent. of bitumen in 
it, and generally the more waterproof it is. 
Those containing a large amount of organic 
or vegetable matter or other soluble impurities 
are. generally injured by wet weather and 
especially by water standing upon such pave- 
ments, in gutters and depressions, or perme- 
ating it at any point. 

Another method of testing waterproofness 
is to make standard cylinders composed of go 
per cent. of 20-30 Ottawa sand and Io per 
cent. of the asphalt cement as received. The 
sand must be washed and dried and then 
heated and mixed with the asphalt cement. 
These cylinders are immersed in water and 
examined at intervals to show what effect 
water has on them, and whether or not they 
are softened or disintegrated. There is also 
an accelerated method by the use of steam 
vapor, not too hot, circulating against a film 
of thin asphalt cement or binder on a glass 
plate fixed in an inverted jar. 


IMMUTABILITY AND COHESIVENESS 


3. Immutability, or freedom from deteriora- 
tion when exposed to sun and air, is very 
important because an asphalt cement or binder 
in a pavement or road must be unchangeable 
and not deteriorated and injured by the heat or 
chemical rays of the sun, or by the effects of 
air and other elements. It must retain its life 
and qualities. The test which determines this 
quality is the well-known standard test made 
by heating a given quantity in a specified sized 
vessel at 325 deg. Fahr. for five hours, limiting 
the permissible per cent of loss, and providing 
that the asphalt cement or binder shall not 
be hardened by this heating more than a 
prescribed limit—in extreme cases, 50 per 
cent. 
trometer or by the consistometer. 

4. Cohesiveness is needed to prevent an as- 
phalt cement or binder from pulling apart or 
cracking within itself, although it may firmly 
adhere to the sand, stone or other aggregate 
of the pavement. This quality also helps pre- 
vent displacement or deformation of the pave- 
ment itself into waves, depressions, etc. The 
laboratory test for cohesive strength is made 
with the same mixtures of standard Ottawa 
sand and asphalt cement as described under 
quality No. 1 for adhesiveness, but the speci- 
mens are cylinders about 2-in. in diameter 
and 2 in. long (not briquettes), which are 
crushed in a testing machine at a temperature 
of 77 deg. Fahr. The load in pounds per 
square inch at which the cylinder crushes or is 
deformed is the measure of cohesive strength. 
This may also be referred to as the compres- 
sion test. The records of each and the aver- 
age of at least. three such tests should be 
recorded. 


Ducritity AND FLEXIBILITY 


5. Ductility, or ability to yield without 
breaking, is a well-known requisite. Slight 
displacement of the particles of sand or stone 
of an asphalt pavement or road, due to the 
shocks of hoofs or wheels, makes it necessary 
that the asphalt cementing or binding material 
should yield and stretch a little and not break. 
It is also necessary. that a pavement can con- 
tract from cold without cracking. Therefore 


The determination is made by a pene-. 


some ductility is needed, but not too much, as 
that permits too much yielding and displace- 
ment of pavement or road materials, especially 
in warm weather. The well-known method of 
testing for ductility is by means of a small 
briquette having I sq. cm. cross section at its 
smallest part. This briquette is stretched at 
77 deg. Fahr. until it breaks and the distance 
stretched before it breaks is recorded in centi- 
meters. 

6. Flexibility, or pliability without brittle- 
ness, is needed for practically the same rea- 
sons as given for ductility, and because slight 
settlements or deformations of a pavement or 
road foundation require that the pavement 
should be at least slightly flexible and yield 
without cracking. The laboratory test for this 
is to coat a strip of very thin glass, about 1 in. 
wide, with about % in. of asphalt cement. 
Make a scratch across the glass at its center 
on the side opposite the asphalt cement. Cool 
in water to 77 deg. Fahr. and with the fingers 
and test piece under water, break the glass 
toward the asphalt cement and continue bend- 
ing the test piece, noting whether or not the 
asphalt cement or binder can be bent through 
180 deg. 


CONSISTENCY AND EFFECT OF TEMPERATURE 


7. Malleability, or ability to yield to shock 
without cracking, is needed in an asphalt ce- 
ment to enable it, under blows of hoofs and 
wheels, to conform to the slightly changing 
and irregular spaces on the surface and within 


the mineral aggreate of a pavement or road.” 


The test for malleability in the laboratory is 
to try it with a small hammer, having the 
asphalt at different temperatures and the ham- 
mer wet. 

8. Consistency at mean weather (77 deg. 
Fahr.) temperature, proper for the kind of 
pavement or road.—This means that the right 
degree of hardness or softness, called con- 
sistency or penetration of the asphalt cement 
or binding material, shall be used. Experience 
of many years shows that harder asphalt ce- 
ment is needed for sheet-asphalt pavements of 
sand, powdered limestone and asphalt cement, 
than for pavements containing crushed stone. 
The degree of consistency also depends on the 
amount of traffic, materials used, climate, etc. 
The consistency is tested with a penetrometer 
having a standard No. 2 needle weighted with 
100 grams. The needle is applied for 5 sec- 
onds and the depth of penetration into the 
asphalt cement is recorded in hundredths of a 
centimeter. For all penetration tests the 
writer prefers the uniform method of using 
the same weight (100 grams), the same time 
(5 seconds), and the same needle (No. 2), 
varying only the temperature. He prefers the 
temperatures 32, 77 and 100 deg. Fahr. When 
penetration tests are made at 32, 77 and 115 
deg. Fahr., varying the weight and the time 
of penetration, complex results are secured 
and the changes in the asphalt cement are not 
solely due to temperature. The most scien- 
tific and accurate method for determining con- 
sistency is with the consistometer (Abraham), 
which measures the pressure in grams or kilo- 
grams needed to force a standard plunger into 
the asphalt product at a uniform rate of speed. 

9. Minimum susceptibility to softening or 
stiffening during extreme weather tempera- 
tures.—All asphalts and bituminous paving 
and road cements and binders are softened by 
hot and stiffened by cold weather. Thus far it 
has been impossible to devise asphalt products 
which will not do this. All good ones, how- 
ever, do not become too soft or fluid in hot 
weather, nor too stiff in cold weather. The 
laboratory test which establishes the per- 
missible limits of susceptibility to stiffening 


and softening are made by use of a penetrom- 
eter or the consistometer at 32 and at 100 
deg. Fahr., or at other degrees if called for. 
All should have some softness at 32 deg. and 
some stiffness at 100. The consistencies should 
accord with the special asphalt cement or 
binder needed for the location, materials and 
kind of pavement to be constructed. The con- 
sistency can also be tested by causing definite 
pieces and shapes of asphalt cement to flow 
on plates of glass or on metal sheets, and also 
by testing with a special disk which floats until 
the heated binder permits it to sink. The time 
for the float to sink is recorded. 


IMPURITIES AND INJURY BY HEAT 


10. Purity, or high percentage of bitumen, 
is of importance for several reasons. It ex- 
cludes foreign matter, which is often in- 
jurious, and by its weight increases the ex- 
pense of transportation and handling. It is 
useless matter which is not cementitious. Im- 
purities reduce the quantity or area of pave- 
ment a ton of asphalt cement or binder will 
construct. Impurities cause delay from peri- 
odically cleaning sediment out of melting 
kettles and call for agitation by blowing, 
which sometimes injures the cement, or, if 
neglected, causes variations in the quantity of 
bitumen remaining in the cement, especially 
near the bottom of melting kettles, toward 
which the impurities settle- From an economic 
standpoint, asphalt cements and binders might 
be purchased on the basis of their percentage 
of purity or bitumen content, or there might 
be a reasonable penalty or deduction for the 
quantity of impurities or matter not bitumen 
present in them. The test for the percentage 
of purity is made by the universal method of 
extracting the bitumen with carbon bisulphide 
or with chloroform. 

11. Freedom from impurities of a vegetable 
or other deleterious character.—This is a re- 
quirement which is the corollary or converse 
of purity or quality No. 10. Reasons have 
been there stated for some objections to im- 
purities. The kind and nature of the impuri- 
ties should be tested in the laboratory. The 
presence of vegetable or some other organic 
matter, or water-soluble salts and the like, 
often weaken the permanent cementing 
strength and durability of an asphalt cement 
or road binder. 

12. Freedom from injury by the heat nec- 
essary to melt the asphalt cement or road 
binder for use.—Because all asphalt cements 
or road binders must be heated to be suf- 
ficiently fluid to mix thoroughly with and coat 
the mineral aggregate composing the pave- 
ment or road, it is necessary that they should 
not be injured by being thus heated and main- 
tained in a fluid state for a reasonable length 
of time. The test for this quality is the same 
as for No. 3, immutability. The degree of 
heat used in construction is seldom, if ever, as 
severe as the test heat—325 deg. Fahr., during 
5 hours. In connection with the testing of the 
stability when heated, the flash-point of the 
material is determined as a precaution either 
by the open crucible method or in the New 
York State closed tester, there being little dif- 
ference in the results of the two methods. The 
flash-point is generally required to be above 
350 deg. Fahr. 

These twelve qualities are those which an 
asphalt cement or road binder should have in 
order to be acceptable for making good roads 
and pavements. The tests indicated are those 
which a properly educated and experienced 
engineer or chemist, equipped with a suitable 
laboratory, can make. 

There is of course a great deal of chemical 
and physical research work which is necessary 
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and useful to those who obtain crude materials 
and manufacture refined asphalts, asphalt ce- 
ments, road binders, etc. But research tests 
should not appear in specifications for pave- 
ments and road construction. Some of the 
laboratory tests which do not apply directly to 
the quality of the finished asphalt products and 
are now best omitted from the specifications, 
are the following: Percentages of solubles in 
62 B., 75 B., and 88 B. naphtha in sulphuric 
ether and in carbon tetrachloride; melting or 
flow point (which varies with the apparatus) ; 
viscosity (which varies with the instruments). 
The fixed-carbon test, designed for coal, has 
practically nothing to do with the finished 
quality of a refined asphalt, asphalt cement or 
road binder. It is a brand-identifying test. 
Free carbon, or amount of coke present, is 
interesting as reducing the amount of bitumen 
present but of itself does little or no harm and 
can be regarded as so much impurity or for- 
eign matter. 

Specific gravity is not a test of quality, 
except insofar as it indicates the amount of 
impurities (silica, limestone, etc.) present, 
these being heavier than pure asphaltum or 
bitumen. It is also used to help identify a 
special brand. A specific gravity clause is no 
longer necessary in specifications. The tests 
for purity and impurities (Nos. 10 and 11) 
are better, and they eliminate the specific 
gravity test in specifications. Specific gravity 
is still in some specifications, which thereby 
often exclude as good or better materials. 

The determination of the percentage of 
paraffine scale, of sulphur and its compounds, 
of saturated hydrocarbon, etc., are interesting 
in research work in connection with the manu- 
facture and production of asphalts and their 
compounds, but should not appear in specifica- 
tions. The determination of the amount of 
hydrogen, carbon and other ultimate elements 
of asphalt is interesting as a scientific study, 
and bear somewhat upon the commercial and 
engineering problems connected with the 
sources of supply and manufacture, but have 
no place in contracts and specifications. 


NuMERICAL REQUIREMENTS 


In an article of this kind and brevity it is 
not possible to state the numerical require- 
ments and limits of asphalt paving cements 
and binders for all the different kinds of pave- 
ments and roads into which they enter. Stand- 
ard methods of making the tests to establish 
the requisite qualities enumerated in the table 
are found in various publications of the Amer- 
ican Society for Municipal Improvements, the 
American Society for Testing Materials, the 
reports of the Association for Standardizing 
Paving Specifications, and in various other 
scientific publications. 

A set of “Standard Tests for Asphalt Ce- 
ments for Sheet Asphalt Pavement” with nu- 
merical requirements or standards, prepared 
by the writer, will be found in the “Proceed- 
ings” of the American Society for Municipal 
Improvements for 1911. That set of require- 
ments and standards was the first published 
for sheet asphalt pavement composed of sand, 
powdered limestone and asphalt cement, and 
contained twenty-seven tests. A few of them 
are no longer needed for specifications, but 
were inserted to check or confirm some of the 
The requisite twelve qualities 
given in this article which good asphalt ce- 
ments and road binders should possess are 
found in many products made from crude 
materials coming from California and other 
parts of the United States, from Mexico, Cuba, 
Trinidad, Venezuela and elsewhere, all of 
which asphalt cements and road binders are in 
successful use everywhere. 


Experiments in Brick Road Construction 


Test Data and Costs of Section Containing Fourteen Varieties of Paving Block 


By James T. Voshell, U. S. Senior Highway Engineer, Office of Public Roads, Washington 


During the fall of 1912 and spring of 1913 
the U. S. Office of Public Roads, co-operating 
with the county commissioners of Montgom- 
ery County, Maryland, constructed a section 
of road 6180 ft. in length, beginning at Brad- 
ley Lane and extending north on the Kensing- 
ton Road (Connecticut Avenue extended) to 
Chevy Chase Lake. The section was built to 
determine the relative values of several more 
or less standard pavements and of various 
roadbuilding materials. 

Experiments I to 5 inclusive, comprising 
sections of bituminous concrete, of cement 
concrete with various coarse aggregates and 
flush-coated with various bitumens, have been 
described in a previous issue of the Engineer- 
ing Record and in the 1913 progress report 
issued by the Office of Public Roads. 

Experiment 6 is a pavement constructed of 


—4' Vitrified Clay Tile 
om Sta. 52+00 to Sta. 58+50 
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form of curb, being put in as the base is laid, 
leaves the subgrade free of any obstruction to 
prevent teams from turning off it when haul- 
ing in materials for the base. 


CONCRETE BASE 


The base, 6 in. in thickness, is of concrete 
of the following proportions by volume: 1 
part cement, 3 parts sand, and 6 parts gravel 
from 4% to 1% in. in size. The mixing was 
done by a self-propelled street paving mixer, 
at the rate of about 20 cu. yd. per hour. The 
concrete was dropped practically in place 
with a mechanical device attached to the 
mixer. A smooth, true surface, free from 
open and porous areas, was obtained by means 
of a straight-edge and a No. 2 shovel. 

For the cushion sand was spread over the 
base to an approximate depth of 2 in. and 
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Cross-Sections of Experimental Brick Road on Concrete Foundation 


vitrified brick. It is 980 feet in length and 
has the cross-sections shown in the drawings 
on this page. 

The soil over which the pavement was built 
is a decomposed mica schist which absorbs 
water very readily. A double-track street 
railway parallels the pavement; the area be- 
tween the tracks is unpaved. A French drain, 
therefore, was constructed along the edge of 
the pavement throughout its entire length, to 
prevent water from reaching and softening 
the subgrade. 


TaBLe 1—ANatysis OF CusHIon SAND 


Per cent 
Retained On 4-10. SIEVE. . .. aislan epveeratinaleisiers ances 0.0 
Between %-in. mesh and No. 10 sieve.............. Wad 
Between No. 10 and No. 20 Sieve........-+....+05+ 13:7; 
Between No. 20 and No. 30 sieve............-0+--- 18.9 
Between No. 30 and No. 40 sieve............-0000+ 20.5 
Between No. 40 and No. 50 sieve..............-.- 16.8 
Between No. 50 and No. 80 sieve...........2-eee0% 13.7 
Between No. 80 and No. 100 sieve...........-..++- 1.4 
Passi No. 100 Sieve. .... .\. senna eles ciate ae ses 6 Dt 


Curbs along a brick road, as a rule, cost 
from 30 to 40 cents per linear foot, or from 
$3,000 to $4,000 per mile. As this is from 20 


’ to 30 per cent of the total cost of the road, 


the need of a cheaper curb was felt to be very 
desirable, and the plan as shown in the section 
was adopted. No difficulty in the actual work 
of constructing it was experienced. Forms 
were set on the outer edge of the curb line 
with the top edge 6 in. above the proposed top 
surface of the base. The base concrete was 
then laid and immediately forms were set for 
the insidé face of the curb and the curb con- 
crete tamped into place. ; 
The concrete for the curb was mixed by 
hand and was apportioned: I part cement, 134 
parts sand, and 3 parts gravel. Care was 
taken to have it deposited in place before the 
concrete of the base had taken initial set. The 
cost of this curb, including the extra width of 
base, was 16.22 cents per linear foot. This 


struck off to a true depth of 2 in. by the use 
of a screedboard, the ends of which rode on 
the concrete curb. It was then rolled with a 
lawn roller weighing about 300 lb. Sand 
was then spread over the rolled surface about 
Y in. in depth and again screeded and thor- 
oughly rolled. When the rolling was complet- 


TaBLe 2—RAaATTLER SAND-BLAsT AND AxgsorPTION TESTS 


ast 


n c 
rig: | oiha 
vO fe Roe, 

Brand Se ik 8 es au) 
ees 82 oe8s 
228 «2A Bain 
(GLARED sate a iciays)s alels stay eters aes 38.89 84.5 4.04 
Grafton fireclay: (Bis. su ss. ac + oe, 37.68 50.5 2.38 
Reynoldsville fireclay, Dunn wire 
ros Ball (CO) rane ae meee ke 2S yoni 31.19 28.5 3.68 
McAvoy shale (d) 00.0000 0000% 27.92 35.1 2.29 
Metropolitan shale (e)........... 25.57 27.1 0.88 
Amefican fireclay (.)......:.<-.- 24.31 44.0 3.73 
Marion shale co ee eetene: octets sas 22.68 35.8 3.74 
Townsend shale (h)............. 22:59 32.5 2.86 
Peebles Shale iGp)sis slams erarist corse 22.04 20.6 1.10 
Olean shale, Dunn wire cut (j)... 21.12 27.0 1.39 
Nelsonville fireclay (k).. Hah ADELE 37.1 1.56 
Barr shale -(l)’. «3.0%. 18.80 41.5 1.81 
Bessemer shale (m)....... : 17.67 32.1 1.65 
Tuna Valley shale, Dunn wire cut 
(Sal) eos Seep aan ONO TN 16.36 23.3 SL 


*Average of three tests. 

(a) Comparatively soft-burned brick made from coarsely 
ground clay. The wear in rattler was excessive though 
uniform. 

(b) Comparatively 
coarsely ground fireclay. 
uniform. ; 

(c) The losses in the rattler were due mainly to open 
laminations, the brick being hard-burned. 

Medium hard-burned brick which 
though excessively in the rattler test. ; 

(e) The brick was well vitrified, the losses in rattler 
being mainly due to chipping. : 

(f) Fairly soft-burned brick made from medium finely 
ground clay. Worn down evenly by rattler. 

(g) Medium-hard-burned_ brick made from 
ground clay and having a fairly good structure. 

(h) Medium-hard brick made from coarsely ground clay 
and wearing down uniformly in rattler. 

(i) The brick was very hard-burned, the losses in rat- 
tler being due to chipping. 

(j) Hard-burned brick having a good structure. 

(k) Made from-coarsely ground fireclay, the brick hav- 
ing an excellent structure, free from laminations. Not 
burned verv hard. é : 

(1) Molded from coarsely ground clay. the brick having 
a good structure. : 

(m) Molded from coarsely ground shale, the brick 
having a fairly good structure and is hard-burned. 

(n) Medium-hard-burned brick having a very good 
structure. 


soft-burned brick made from 
Wear in rattler excessive though 


wear evenly 


finely 


348 


HN GEN EE R IN&SG 


RAE CORD 


Vow. 68, No. 13 


ed the sand cushion was so firm that when 
walked over no footprints were visible. Table 
I gives a granulometric analysis of the sand 
used. 

Fourteen varieties of paving block were 
laid, all in the same manner, in sections 60 to 
110 ft. in length. The report of tests made 
by the Pittsburgh branch of the U. S. Bureau 
of Standards is given in Table 2 

The sand-blast test was conducted with 
standard Ottawa sand, 20 to 30 mesh, screened 


Taste 3—SAND ANALYSIS FOR GROUT 


Retained on! Nos OSte vere cst lesieistaisne ateleianeteineteteterets 
Between: No. 30 and No. 20: Sieve. < ccs co 00 een acess 
Between No. 20 and No. 30 sieve.........ess-s000% 
Between No. 30 and No. 40 sieve............-ce00- 
Between No. 40 and No. 50 sieve......+....s+ee0- 
Between No. 50 and No. 80 sieve..........-..-.-0% 
Between No. 80 and No. 100 sieve...........-..- 
Between No. 100 and No. 200 sieve.........---:.- 
Passing’ Nov 200sievesatensotaclsnor cue ee Seen e 


hoe 
WHORE DOMOUW 


sh 


after every test. The air pressure maintained 
was 15 lb. per square inch, and the sand was 
blown through an orifice 4 in. in diameter. 
The amount of sand used was 25 lb. per test, 
and the duration of the test was three minutes. 
The specimens were at a distance of 12 in. 
from the nozzle, and in each case a 2-in. open- 
ing was exposed. The specimens were rotated 
at a speed of 80 r.p.m. 


LAYING AND GROUTING BRICK 


The brick were laid in straight courses at 
a right angle to the curb, as shown in illustra- 
tion. No driving was permitted to straighten 
courses. After the brick were laid and all 
spalls and imperfect brick were removed they 


TaBLlE 4—QUuANTITIEs OF MATERIALS AND Cost Dara 


Descrinags 
Length of section, ft.. 986 
Area of section, sq. yd. 2,055 
Quantities of Materials—Base 
Gravel; cus yds pertaq:“yd'..1-eeeeeies a oek oeee 0.150 
Sand, cu. yd) "perisq: yds... sete see an ren oe 0.065 
Cement, bbl. per ‘sq. ! vyd-\en pee meee ies ioe 0.145 
Pavement 
Sand cushion, cu. yd. per sq. yd.....0......00. 0.061 
Brick, number per sq. yd........ a 40 
Sand in grout, cu. yd. per sq. yd. 5 0.005 
Cement in grout, .bbls. per sq. yd.............-- 0.031 


were rolled with a 5-ton tandem roller until 
they were firmly bedded on the sand cushion. 
The joints were filled with a cement grout 
composed of 1 part Portland cement and 1 
part sand. Table 3 contains the granulo- 
metric analysis of the sand used. 

The sand was brought on the work in ce- 
ment bags, and one bag of cement and one 
bag of sand were mixed dry to uniform color. 
Water was then added in sufficient quantity 
to give the resultant grout a consistence of 
thin cream. The grout was constantly stirred 


Laying Brick Paving Blocks on Sand Cushion 


with mortar hoes until it was taken from the 
box with a scoop shovel and spread over the 
pavement, which had previously been well 
sprinkled. Men with rattan brooms swept the 
grout into the joints. This operation of grout- 
ing is shown in one of the photographs. After 
the thin grout had settled well in the joints, 
and before any of it had dried, grout of the 
consistency of thick cream was squeegeed over 
the pavement, leaving all the joints completely 


Tape 5—Cost Data FoR MATERIALS, CENTS PER SQUARE 


YARDS 

Base 
Gravel sje easier waits 0 ree\e ciple dye Spee Ree taee ene ee 27.30 
ABI: fares. e olny -nlpve 0.6 0 s)o./0oy, aclee ie) eee ean aes or aie ey esa 9.30 
CEMENE cio wieie o s's's 0 o's vite 'ne etree eee RESeP Rees 23.40 
Mixing and. placing. 0. . -<.«. -rammennaperee slerereisiars 17.45 

Pavement 
Sandi an-sanid \CaSHION.. « sn. - 0 e:ntele nee iets ae ere 10.10 
Preparing sand cushion RAMI Okc noha apqu S207 3.66 
ji} 9() eee eee eee St dando pase aode 80.00 
Unloading and piling brick from car..........,-. 15.23 
Hauling and piling brick by roadside.........-.. 11.18 
aying, bDricksi.. <<< sisi: vs «elena arene ci 5.20 
Rolling: Brick 2:25. ).,.... 0). c «+10 suena p een mention rete neterers 1.76 
Sand im grout... <<. sss sce see eee ieze 0.86 
Cement in 2rOut «<< 0 «s\siohs a coer Mensa alaabhar eho eae 5.08 
GLOWEMIRT 03/5 ve oie oles oe: c ovale, SRE eee etanele atotatetetaert 2.96 
Protection. © 2.4% s/s «0a «2's se alee eee aeons 157, 

General 

Preparing: subgrade..o4. . ./.:- »aitaeieeiecmetetere altaya 21.44 
Superintendence .... . 2: vjsjs<a\ sictel Meee Reine) ae 10.43 
General expense i. :.:5)2 2 a9: = tae ee ionernaete aera eee 4.54 
Miscellaneons.:...... 0... «cs: > tee eee ein eile 3 6.81 

Total Cost 
Cost per square yard, in cents.........+.....-- 258.21 
Potal- section's, <°. /s.s:cis.dsis see ae aes eee $5,306.22 
Concrete shoulder 6 x 8 in., 1350 lin. ft., at 10.12 

cents: per “lin: ‘f£,'...\.).5%'s chee ee eesti 136.59 


Expansion joint, 1900 lin. ft., at 3.84 cents per 
Dra EE Sx aie 3. atts ine <0 nes ee 
So ida gutter, 650 lin. ft., at 
WD. Teen ncceswcecsinscnscandeansssbascesaces 
French drain, 980 lin. ft., at 23.65 cents per lin. 
Eb. octaietefsle s.b p.wcciaie 2.0 ove onle CEE Eetete seine ie 


filled. Sand was then immediately spread over 
the pavement to a depth of %4 in. and kept wet 
for seven days. 


Grouting Joints of Experimental Brick Pavement 


The thickness of a sufficient number of brick 
of each variety to lay two courses across the 
pavement was carefully measured. | These 
brick were then laid, as were the other brick, 
their location being carefully referenced so 
that at any future time they may be taken from 
the pavement, measured, and the amount of 
wear determined. 


EXPANSION JOINTS 


No transverse expansion joints were con- 
structed, and the ends of the pavement are 
practically fixed. A longitudinal expansion 
joint was constructed along each curb line. 
From Station 52 to Station 54 it is I in. wide, 
and was filled with a mixture of equal parts 
by volume of coal tar and Portland cement. 
The coal tar had a float test at 50 deg. C. of 
14, minutes, 57 seconds, and, as the pavement 


TaBLe 6—Unit Costs 


Labor 

Per day 

of 8 hrs. 
Superintendent: ‘aaieotsete scabies mele oceteie ie Reet $10.00 
Poremiam | sci deen cape cin kaie tebe worker eects . 4.50 
Reoileriaaa Vom iete's w aie wiv a saraset ciees eieten eretoere eae eee 3.50 
Engineer fob) miter sisaisss-oelonlneiiercote bias eanmieteketaieee 4.00 
Carpenter: <sfec,n-tcrpecn aeteter a orate alatote el ec ensed katate eet te 3.50 
Laborer sox) epee cae ned ahainrs os ok ENaeesse a eon 1.60 
Dewan, ies wien skater dew sta i Rls ote miele oemndens cant erarenietc ae ales 5.00 

Materials, F.O.B. Nearest Siding 

Sandan pcistvao nevensiei siete ietal wad eee ete $0.70 per ton 
Grave) Meiosis ase de tas ale ee ae ee ee 0.85 per bbl. 
Cements 2 tn tes aecrnyesolsteyz ois onset eae nan a ie 1.51 per bbl. 
Bridle 8 in von wane Ca ee tee eae ieee 20.00 per M. 


Contract Price for Unloading and Hauling Materials from 
iding to Work (Average Haul, 3100 Ft.) 

Sand. atid: gravels: .ltiejc'iniw cine isierepnee nee 40 cents per ton 

Ceniént err stn csamcore cee sckaciaee ere 10 cents per bbl. 


Concrete mixer 
Roller 


$10.00 per day 
5.00 per day 


was on a 5 per cent grade, it was thought ad- 
visable to add something to the tar to prevent 
it from running out of the joint. Last summer 
the temperature of the pavement 1 in. below 
the surface was on one occasion 115 deg. 
Fahr., and there was practically no movement 
of the tar. The tar and cement were readily 
mixed when the tar was at a temperature of 
250 deg. Fahr.. 

From Station 54 to Station 56 the expansion 
joint is %4 in. wide and filled with asphaltic 
felt. From Station 56 to Station 61 the expan- 
sion joint is I in. wide and was filled with an 
oil asphalt having a penetration at 25 deg. C. 
of 3 mm. and a melting point of 94 deg. C. 

The grade of the pavement from Station 52 
to Station 59 is minus 5.1 per cent; the street 
follows a vertical curve from Station 59 to 
Station 61 and a plus I per cent grade from 
Station 60 to Station 61 + 80. Detailed 
statements of the quantities of material, cost 
data and unit costs of labor and material are 
contained in Tables 4, 5 and 6, 


SSO 
SEPTEMBER 27, IQI3 


BAN G-IGN EE Relenge 


Upper Y, where 96-Inch Pipe Branches into Two 72-Inch Pipes 


Puntledge Hydroelectric Power Plant—Part II 


An Ultimate Development of 19,000 Horsepower which Will 


Supersede 


Separate Steam Plants Used for the Operation of Coal Mines at Vancouver Island 


Manholes are fitted to the wood-stave pipes 
at intervals, and particularly at summits, 
where they are provided with automatic air 
valves for the outlet of air during service as 
well as for the inlet of same when the pipes are 
to be emptied. The manholes consist of cast- 
iron saddles with lugs designed to receive the 
band heads, but the extreme side bands pass 
over the saddles, thus acting to clamp them 
on the pipe, no other means being used to 
secure the castings to the pipe. The man- 
holes are closed with cast-steel covers bolted 
on the facings of the saddles. The stave pipes 
are laid in a shallow trench for practically 
the whole length, although in a depression for 
a distance of 820 ft. it was deemed more ad- 
vantageous to hold the grade line elevated and 
to place the pipe on concrete piers. This sec- 
tion occurs on pipe 6 ft. in diameter, and the 
general design of the _ reinforced-concrete 
piers, which are placed 16 ft. between centers, 
is shown in one of the illustrations. 


Y_ JuNcTIONS 


Several designs were considered for the 
structures forming the junctions between the 
pipes of the different sizes. The first design 
was for structures built of steel plates riveted 
in alternative forms of wyes and cylindrical 
headers; but after considering the size of the 
structures, range and nature of the stresses 
introduced by attaching to them stop valves 
in the penstocks, the designs of riveted plates 
were set aside as unreliable, although the ele- 
ment of cost as between that type of struc- 
ture and the design finally adopted was an- 
other factor in favor of the latter. The next 
design considered was for structures of cast 
steel, with the idea that steel castings could 


be made more rigid than the riveted steel 


structures and could easily be provided with 
suitable means for anchorage; but the cost of 
such structures, including the necessary 
foundations for support and anchorage, was 
also found to be excessive. - The design 
adopted was one in which foundations and 
anchorage were most conveniently combined, 
and the design to which the structures have 
been built is reinforced concrete, a type of 


construction believed to be unusual for such 
high-pressure work. The junction between 
the 8-ft. pipe and 6-ft. pipes was designed for 
a maximum internal pressure of 115 Ib. per 
square inch, and that between the 6-ft. and 
50-in. pipes for a corresponding pressure of 
160 lb. per square inch. The 8-ft. pipe con- 
nects directly with the first-mentioned struc- 
ture, and the joint is made in a cast-iron ring 
set in the concrete forming a bell end fer the 
wood pipe. Watertightness at the joint is 
obtained by the same means as described for 
the joint made where the same pipe leaves 
the forebay structure. 

All other pipe connections with these con- 
crete structures are made by means of flanged 
cast-iron sleeves set in the concrete to which 
gate valves are attached. The purpose of 
these gate valves is to enable the isolation of 
any one of the connecting pipes and the opera- 
tion of the plant with one or the other of the 
6-ft. penstocks and any one or all of the four 
50-in. penstocks, which explains the reason for 
making the lower-junction structure a cham- 
ber common to the two inlet pipes, the 
four outlet pipes thus providing a by-pass 
connecting all sections of the penstock sys- 
tem. But, as will be readily understood, the 
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introduction of stop valves in the penstock 
complicated the problem presented for solu- 
tion in the design of these junctions, as forces 
of magnitude are thus developed which are 
not encountered in open-way penstocks, and 
it was the adaptability of reinforced concrete 
to designs meeting all conditions that 
prompted its adoption for such unusual duty. 
The branches from these junction struc- 
tures leave at an angle to the axis of the pipe 
line and the alignment of the stave pipe paral- 
lel to such axis is restored at a short distance 
below each respective structure by means of 
cast-iron pipe bends laid next and bolted to 
the valves and which are fitted with manholes, 
air valves and relief valves, the latter consist- 
ing of a flanged gate valve bolted to a facing 
on the side of the cast-iron bend with a burst- 
ing-plate cover bolted to the outlet. 


BuRSTING PLATES 


The bursting plates consist of cast-iron 
flanges, or rings, within which is a cast-iron 
plate turned to such size as to leave an an- 
nular space of about 4% in. The inner edge 
of the flange or ring and the outer edge of 
the plate are made with a groove which is 
narrower in the edge of the plate than that in 
the edge of the ring. The annular space, 
which, together with the grooves, forms a 
cross of irregular shape in section, is filled 
with lead calked watertight, the idea of the 
design being to shear the tongue of lead 
formed by the groove in the edge of the plate 
and thus to release the latter in the event of 
unexpected excessive load. To accomplish 
this without undue ffiction the edge of the 
plate is turned with a taper, as shown in the 
drawing. The thickness of the inner tongue 
of lead is 3/16 in. in both sizes of plates, this 
having been determined after tests were made 
to ascertain the average shearing strength of 
the tongue under such conditions. Automatic 
air valves are fitted at these structures both 
for escape and inlet, the latter being essential 
to prevent a vacuum forming in and possible 
collapse of the pipe in the event that it should 
be emptied rapidly. 


WATERPROOFING 


Watertightness of the concrete structures 
was obtained by building the walls proper to 
within a thickness of 2 to 3 in. of the inner 
surface of rich Portland cement concrete, 
composed of fine aggregates of measured den- 
sity, weight tests having been made to deter- 
mine the proper proportions of the available 
aggregates for maximum density; and great 
care was exercised throughout to insure uni- 
formity of mixture. The proportions in this 
concrete averaged I cement, 1 sand and 2 
gravel, the latter varying from pea size to I 


Power House with Annex Containing Transformers and Switches 
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in. The inner thickness of 2 to 3 in. was made 
up of Portland cement mortar of the compo- 
sition of I part cement to 1% parts of sand, 
the inner surface of this mortar coating be- 
ing covered with several coats of asphalt ap- 
plied hot. In the chamber of the structure 
for the junction of the two 6-ft. penstocks 
with the four 50-in. penstocks, only one-half 
of which is being utilized for the partial plant 
now built, the side which is not connected up 
is separated from the other by a removable 
wooden bulkhead, provision for which was 
made in the structure in the way of rabbets 
armored with steel shapes set in the concrete. 
This feature of the design was provided on 
both sides in order that similar isolation of 
one side or the other can be readily effected 
at any time in the future should such be neces- 
sary. As indicated by the design, the anchor- 
age of the concrete structures is accomplished 
by means of reinforced walls, approximately 
7 ft. deep, buttressed to the wye structure and 
to the apron which forms the foundations for 
the valves and heavy cast-iron connections, 
the design providing amply against the over- 
turning moment, as well as against sliding. 
The apron referred to constitutes also the 
floor of a drainage basin for the relief valves, 
the outlet of which is an open ditch to lower 
ground, with natural drainage to the river. 


Lower Enp or PENSTOCKS 


Where the minimum spacing of bands is 
reached the type of construction is changed 
to steel pipes connected to the stave pipes by 
means of riveted steel tapered sections joined 
with the wood-stave pipes in a bell end pro- 
vided in the steel section for the wood staves, 
of such shape as to allow calking at the outer 
end of the steel section, as well as against the 
inner ends of the staves. This steel section 
has angle-bar anchoring rings riveted on and 
is set in a concrete anchoring block forming 
the base of a chamber giving access to a 
manhole fitted on this section. The steel pipe, 
which is of the lock-bar type, is riveted to the 
special steel section just described. Each of 
these steel-pipe penstocks is 660 ft. long, their 
thickness varying from 3 in. at the upper 
end to 7/16 in. at the power house. 
pipes are laid in trenches, much of which is 
in solid rock, and at about the middle of their 
length there are expansion joints, consisting 
of steel castings and of the usual packed slip- 
joint design. These joints are laid each in 
a concrete chamber and the steel pipe is laid 
in tarred felt through the walls of this cham- 
ber, leaving it free to slip. The lower ends 
of the steel penstocks are anchored near and 
at the power-house foundation and terminate 
within the building, with a cast-iron closing 
piece connecting them to hydraulic shutoff 
valves installed at the respective turbines. 


PowEr House 


The power house is built of reinforced con- 
crete on a rocky site at the river’s edge. Ap- 
proximately one-half of the principal building 
contemplated has been erected for the accom- 
modation of the present units, but the annex 
section of the building, which contains the 
switching and other electrical apparatus and 
the wire outlets, is built complete. Provision 
has been made in the design for extension of 
the main body of the building to house the 
remaining units without disturbance to the 
operation of the present plant. 

The annex section, which is three stories 
high and has a 18% x 6514-ft. floor area, has 
the upper floors of concrete supported by I- 
beams. The roof of the entire building is 
built of concrete laid on Hy-Rib reinforce- 
ment plastered underneath, The roof fram- 


The steel 


Detail of Bursting Plate 


ing of the annex section consists of g-in. 2I- 
lb. I-beam rafters; that of the main section 
consists of steel trusses placed 20 ft. center 
to center, supporting g-in. 21-lb. I-beam pur- 
lins. The sides of the building are, in 
large proportion,.of glass. The main build- 
ing is designed with crane girders, on 
which a traveling crane having a lifting 
capacity of 4o tons has been _ installed. 
These girders are of reinforced concrete, with 
the runway rails embedded therein. All of the 
concrete in the exterior of the building was 
made of waterproof composition obtained by 
the use of hydrated lime in the mixture in 
the proportion of Io per cent of the cement 
used, and the roofs are covered with roofing 
felt. The roof drainage is run through the 
interior of the building to a central drain to 
guard against frost in the conductors. 


SCHEME OF REGULATION. 


The static head is 350 ft.; the length of the 
penstock system being 13,700 it., the ratio of 
the pipe is about 1:40. The part played by a 
high ratio of head to length of penstock, as 
an unfavorable factor in the solution of the 
problem of power regulation under variant- 
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power-load conditions, was fully realized and 
much study was given to the general scheme 
with a view to obtaining the most favorable 
combination, but the ratio obtained was the 
best available owing to the naturally unfavor- 
able topographical conditions and to the fact 
that the forebay is located at the nearest suit- 
able point in relation to the power house, the 
general slope increasing from this point gtad- 
ually to the power-house site. The problem 
presented in laying out the penstock system 
from the site selected for the forebay to the 
power house was therefore confined to locat- 
ing the best available grade line, considering 
the details of construction and existing prop- 
erty lines. In a penstock system of such a 
high ratio of length to head it is difficult to 
obtain power regulation by means designed 
to conserve the water supply, but inasmuch 
as there was no scantiness of supply and 
economy of water was not a factor in the de- 
sign of this plant the problem of regulation 
as presented was comparatively simple. 

The arrangement adopted insures against 
sudden or high rises in pressure in the pen- 
stock system as an effect of throttling of the 
turbine gates by the governor gear of each 
turbine operating a relief valve on its pen- 
stock, which opens and closes synchronously 
with the corresponding action of the turbine 
gates, thus permitting water to waste in ap- 
proximate proportion to the load taken off, 
and maintaining so nearly a uniform rate of 
flow in the penstock as to prevent the pres- 
sure rises due to governor throttling to ex- 
ceed a nominal percentage of the pressure 
due to the active head. This valve is geared 
so as to be adjustable to close in any desired 
length of time, so that waste of water need be 
no, more than sufficient to diminish the pen- 
stock flow at a safe rate. 

The general arrangement as designed in- 
cludes, in addition to the governor actuated 
relief valve, a direct-pressure independent re- 
lief valve which would open 
in the event of extraordinary 
rise in pressure caused, for 
instance, by any impediment 


or accident occurring to the 
governor gear. In addition to 
the valves described there is a 
safety relief consisting of a 
bursting plate closing the end 
of a nozzle, which terminates 
each penstock in the power 
house, so that in the event of 
accident to the governor gear 
and relief valves any abnormal 
or dangerous rise in pressure 
in the penstocks would be pre- 
vented by the blowing out of 


such bursting plate. 


TURBINES 


Reaction type turbines with 
governor control effected 
by multiple balanced gates 
at the inlet, actuated by 
the governor gear, have 
been installed. A hy- 
draulic shutoff valve is 
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placed in each penstock in conjunction with 
the turbine. These machines are direct-con- 
nected to their respective generators. Speci- 
fied rating of each turbine is 4700 hp under 
the conditions to be obtained when the pen- 
stock system is completed, and supplies four 
units at full power. For present purposes only 
two of these units are installed, and inasmuch 
as the upper portion of the penstock system is 


already constructed of the requisite capacity 


for four units the available power of the two 


suspended from the foundation piers within 
the foundation pit. These machines are de- 
signed for a normal constant output of 3500 
kw at 500 r.p.m. and 13,200 volts, and they 
are capable of carrying a 25 per cent over- 
load continuously. Each machine has its ex- 
citer direct-connected, the capacity of one ex- 
citer being sufficient for two machines when 
operating at 80 per cent power factor. 

In the concrete floor and foundations are 
laid the electrical conductors from the gen- 


Plan and Section of Lower Y Branch, with Equalizing Chamber 


turbines now installed exceeds their rating to 
the extent of 28 per cent in the case of one 
turbine operating alone and 7% per cent when 
both are running at full gate. In general ar- 
rangement within the power house the ma- 
chines are placed with the shaft axis parallel 
with the longitudinal axis of the building. The 
floor space required for the installation of 
each unit is 32 x 50 ft. and the floor space 
dimensions of the ultimate power house, as 
designed, are 34 x 214 ft. The floor-space 
dimensions of the main building as far as con- 
structed for the accommodation of the present 
units is 34 x 117 ft. 

The alternating-current generators are of 
the waterwheel type, with the lower portion 


erator pits, and the leads are accessible at 
numerous points in manholes and tunnels. 
The grouping of the leads from the switch- 
board and switching apparatus is effected in 
a central tunnel. The switchboard and con- 
trol station are placed on an extension of the 
second floor of the annex, projecting as a 
gallery within the main portion of the build- 
ing, from which the full interior of the power 
house proper is visible to the operator. The 
switching apparatus is located on the second 
floor and is contained in a series of reinforced- 
concrete cells. Six lightning arresters are 
located on the upper floor, and from these the 
transmission lines pass out through the side 
of the building, with the usual insulated wall 


entrances and attachments, which are pro- 
tected by a 6-ft. awning extension of the roof. 

The plant is now in operation and its per- 
formance is meeting all expectations. It will 
be noted that the storage and diversion works, 
water conduit, forebay, wasteway and the up- 
per third of the penstock system are com- 
pleted for the full capacity of four units, while 
the lower two-thirds of the penstocks are 
completed only for supply to the two of these 
units now in operation. 

The cost of the plant as now constructed 
figured on the basis of the normal output 
capacity of the two units installed is less than 
$70 per horsepower at the power-house switch- 
board, and the corresponding cost will be re- 
duced to less than $60 when the plant is com- 
pleted and the output of four units is used. 
The proportional costs of this plant per unit 
of capacity as stated are considerably lower 
than the average cost of sach plants, and in 
fact they will compare favorably with the 
lowest costs for similar plants. Considering 
the permanent character of the work through- 
out, the isolated location of the plant in rela- 
tion to the material and labor markets and the 
fact that a great deal of material and appli- 
ances required for its construction had to be 
imported and were subject to heavy customs 
duties these low costs reflect efficient design 
and construction. 


EquipMENT 


Generators and electrical apparatus were 
manufactured and installed by the Canadian 
General Electric Company. 

Turbines with governor gear, the relief 
valves and hydraulic penstock-stop valves 
were furnished and installed by Escher-Wyss 
& Company, of Zurich, Switzerland. 

Gate valves, 50 and 72 in. in diameter, in- 
stalled in the penstocks were furnished by 
the Crane Company, of Chicago, through its 
branch house in Vancouver, B. C. 

Air valves are of the Crispin type; those 
for outlets up to 4 in. are single units; those 
for outlets exceeding 4 in. are made in clus- 
ters of 4-in. units. These valves were also 
furnished by the Crane company. 

The lock-bar steel pipe, 50 in. in diameter, 
was made by the East Jersey Pipe Company, 
of Paterson, N. J. 

The power house and hydraulic development 
constituted a general contract, which has been 
performed by Grant Smith & Company, con- 
tractors, of Seattle, Wash. Briefly, this con- 
tract embraced all of the work from the clear- 
ing of the land to and including the power 
house, with the exception only of the ma- 
chinery and power-house apparatus. The 
work was begun in the late fall of 1911, and 
while no unusual difficulties were encountered 
much delay was caused by extraordinarily 
high water and inclement weather. 

The construction of the plant and installa- 
tion of the machinery were supervised by the 
Canadian Collieries (Dunsmuir), Ltd., of 
which Mr. W. L. Coulson is manager and Mr. 
Joseph Hunter is chief engineer. They were 
represented on the work by Mr. L. Netland, 
resident engineer. 

The materials, fittings and structural parts 
purchased for the power house and hydraulic 
development were inspected and tested at the 
various places of manufacture by Robert W. 
Hunt & Company, under the general instruc- 
tions of Canadian Collieries (Dunsmuir), 
Ltd., and the consulting engineers. 

Plans and specifications for the work, in- 
cluding the detail working drawings, were 
furnished by H. K. Owens-A. V. Bouillon. 
consulting civil and mechanical engineers, of 
Seattle. 
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Suggestions for City Engineers 


Suggestions for the development of a typ- 
ical city with regard to buildings, sewers, 
waterworks, pavements and electrical distribu- 
tion formed the basis of a paper by Col. H. 
N. Ruttan, city engineer of Winnipeg, Man., 
Canada, presented before the recent meeting 
of the League of American Municipalities. 
The following notes embody some of Colonel 
Ruttan’s recommendations: 

Limits for buildings should be fixed within 
which only fireproof materials should be used. 
As the difference in cost between fireproof 
material and wood is rapidly lessening, the 
fireproof limits should be ample, including, in 
addition to business areas, all first and sec- 
ond-class residence districts. All schoolhouses 


should be fireproof and long, crowded lines of 


wooden residences should not be tolerated. 

Inasmuch as present facilities for passenger 
traffic have eliminated the necessity for ex- 
tremely congested centers and high buildings, 
laws should be enacted to limit the height of 
buildings and the distances from the street 
lines. A simple method is to determine the 
vertical angle at the center of the street be- 
yond which no structure shall project. In 
residence districts this angle should be suffi- 
ciently flat to prevent injury to ordinary 
dwellings by the erection of massive apart- 
ments or tenements. 


SEWERS 


In computing sewer sizes for growing cities 
full allowance should be made for an extended 
paved area, as it is much better that the sew- 
ers prove too large than too small. Manholes 
on pipe sewers should seldom be more than 
250 ft. apart. On large sewers which can be 
traversed by men this distance may be in- 
creased to 400 or 500 it. 

Flush tanks should be placed at the heads 
or dead ends of all sewer branches. An auto- 
matic type which has quick-flushing capacity 
and which can be readily turned on and off is 
recommended in order that the intensity of 
the flushing may be regulated to suit the re- 
quirement of different parts of the sewer 
system, 

Connecting Y branches on both sides of the 
sewer at intervals of 25 ft. in congested dis- 
tricts will be found to offer all necessary fa- 
cilities without the necessity of installing new 
junctions. 

A universal meter system is the only sure 
and economical means of waste prevention. 
In order to insure the use of sufficient water 
for sanitary purposes, a flat rate should be 
charged the consumers for what is determined 
upon as a sufficient quantity for each size of 
house, and the meters used to determine ex- 
cess, which should be charged for at a sub- 
stantially higher figure than the flat rate. 


PAVEMENTS 


Business and residence districts differ in 
requirements for pavements. Business streets 
should be paved full width between the side- 
walks and should be capable of carrying loads 
of 5 tons per wheel. On residence streets full 
traffic facilities will be afforded by pavements 
24 ft. in width, capable of carrying 5 tons on 
a four-wheeled truck, or a Io-ton road roller. 
Pavements can be so arranged that under 
growing traffic they may be readily widened 
and increased in thickness without harm. 
Where it is necessary to haul heavy loads 
through residence districts a heavy traffic road 
can generally be arranged so that the heavy 
traffic can be kept off the light roadways. On 
residence streets the most pleasing arrange- 
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ment of street improvement is that where the 
pavement in the center is flanked by two broad 
grass plots, with the sidewalks on the prop- 
erty lines. 

The curbs on street-crossing corners should 
have radii of at least 15 ft. Broad curves are 
more pleasing and offer much less obstruction 
to vehicular traffic than sharp corners. 

At sidewalk crossings the pavements should 
be kept near the walk level; 6 in. or less 
should be the maximum height of steps. This 


necessitates the placing of the sewer catch- . 


basins in the center of the blocks, not at the 
intersections. Of course, these remarks do 
not apply to steep sidehills. 

The system under which the grass and 
trees on the streets are kept in order by a 
public department is much to be preferred to 
any plan which involves the property owners 
as caretakers. 

To avoid crowding and danger it is sug- 
gested that in business districts an additional 
sidewalk at the level of the first story of the 
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Reading Turbidity at Night 


An ideal north light with which to read 
turbidity often is not attainable and water- 
works analysts have resorted to various ex- 
pedients to bring out the comparison sharply. 
Looking through large glass gallon bottles 
toward a window sash, black and white stripes, 


a distant tower, a window screen or tinfoil 


covered corks are some of the methods 
adopted. In the laboratory of the Denver 
Union Water Company it is frequently de- 
sirable to have readings made at night or late 
in the day when normal light is not avail- 
able. This is particularly true of samples on 
which the filter attendants depend for the ad- 
justment of the chemical regulators, which are 
readjusted according to a chart plotted from 
experience for every change of I part pe 
1,000,000 change of turbidity. 

By fitting a piece of cross-section paper over 
an ordinary electric-light cone reflector prac- 


Apparatus for Reading Turbidity at Night 


buildings be constructed. The protection of 
the lower sidewalk from sun and weather, the 
added value for business purposes of the floor 
at the level of the new walk, and the enhance- 
ment of the uniformity and beauty of the 
streets are also suggested as advantages. 

Communication between the two decks 
would be by stairways or elevators at con- 
venient points and through the business 
premises fronting on them. Access to build- 
ings at different levels would be by steps or 
inclines. Protected by a substantial railing on 
the street side, the upper deck would be an 
ideal promenade. 

While underground electrical distribution is 
desirable, care should be taken not to extend 
conduit systems beyond points where the 
revenue is sufficient to meet the extra cost of 
this system of distribution. It is estimated 
that only one-tenth to one-fifth of the distri- 
bution area will stand the cost of conduits. 

An ideal system in large cities would be to 
carry the sewers, water and gas mains, elec- 
tric cables, etc., in large conduits occupying 
the spaces under the sidewalk. Not only 
would they be accessible, but this system would 
put a stop to the cutting up of the street sur- 
faces in making connections and in similar 
work, 


CemMENT GuN CoaTING as a protection for 
metal immersed in sea water has been tested by 
the Isthmian Canal Commission at Panama. 
Plates have been coated with %, I in. and 
1% in. of concrete, and after eighteen months’ 
immersion the metal has been found to be free 
from corrosion. 


tically a uniform source of light was obtained. 
Heavy black lines were drawn across the 
paper, as the distinctness with which they may 
be seen is an aid in determining the amount 
of light cut off by the turbidity. 

Some time previous to the use of the cone 
reflector small 4-oz. oil bottles, which are 1% 
in. in diameter and 6% in. high, were used 
in place of Nessler tubes to make tests on 
the small bacterial samples, which were taken 
much more frequently than the larger chemical 
samples. After experimenting with the cone 


_reflector and the small standards—which are 


not so liable to break as the tubes—the large- 


- size-bottle standards have been discarded. 


Reduction in Forest-Fire Losses 


Forest fires in the States with which the 
Federal Government is co-operating have not 
been as dangerous this year as usual, accord- 
ing to a recent bulletin issued by the U. S. 
Forest Service. This is not an indication of 
a lesser number of fires but a tribute to the 
improved efficiency of the fire-fighting forces. 
Massachusetts and Maine alone have been 
compelled to call upon the emergency pro- 
visions of their agreements with the Federal 
Government. Maine has found it necessary 
to exceed the normal allowance, the unusual 
hazards resulting from long drought prompt- 
ing the State official in charge of fire pro- 
tection to employ a large number of men. 
In Massachusetts an amendment to the orig- 
inal agreement provides for additional expen- 
ditures of $500 and $1000 by the Federal and 
State governments respectively. 
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Cleaning Streets in Washington 


Methods Used Include Hand Patrol, Machine-Brcom Cleaning, Squeegees and Flushing 
By J. W. Paxton, Superintendent of Street Cleaning, Washington, D. C. 


The main requirement for clean streets is 
careful inspection. With perfect inspection, 
clean streets can be had under any system 
if cost is disregarded, but the best system will 
fail if the inspecting force is inefficient. In 
Washington, under the contract system, it 
was found necessary to have with each in- 
dividual gang an inspector who gave such 
close supervision that the contractors dis- 
missed their foremen and allowed the in- 
spectors to run the force. 

Early in 1911 the Street Cleaning Depart- 
ment of Washington, D. C., was made a di- 
vision of the Engineer Department, under 
the direction of the engineer commissioner, 
an officer of the U. S. Corps of Engineers. 
Arrangements were made to take over the 
street-cleaning contracts, the inspectors being 
sent out as foremen on July 1, 1911, their 
new duties being practically the same as under 
the contract system. 


Hanp PAtroLi 


The hand-patrol or blockman area in Wash- 
ington, in which 219 men are employed, cov- 
ers approximately 2,750,000 sq. yd., or 55 
per cent of the paved area of the city. The 
entire area is cleaned daily, and a large por- 
tion of it is either squeegeed or flushed about 
twice a week, weather permitting, no ma- 
chine brooms being used on hand-patrol areas. 
This area is divided into six different sections, 
each having a foreman, two or three wagous, 
and from 19 to 49 men. The section areas 
range from 398,000 to 523,000 sq. yd. 

Each foreman is given absolue control over 
the forces under him and is directly responsi- 


ble to the superintendent for the condition 


of the streets in his section. The method 
of working is to divide the entire section into 
a number of sub-sections or routes and to have 
one or more blockmen responsible for the 
streets in their respective sub-sections. The 
area in these sub-sections ranges from 6000 
sq. yd. in the center market to 52,000 sq. yd. 
in the lightly traveled residential section. The 
average area per man is 12,000 sq. yd. as com- 
pared with 6000 in New York and many Eu- 
ropean cities. This increase is no doubt due 
to the frequent washing and also to the fact 
that Washington has very little commercial 
traffic or dirt manufacturing plants. 

In general, the most economical method of 
working these sub-sections has been to use 
two men—one with hand machine and pan 
and the other with bag carrier. The only two 
other combinations used in Washington are 
either a single man with bag carrier and pan 
or three pan men with two bag carriers. The 
single-man section is generally composed of 
lightly traveled suburban streets of consider- 
able area, while the five-man section is used 
on broad, heavily traveled streets, where the 
dust must be removed quickly and the gutter 
length is short as compared with the area. 

The amount of dirt removed per day per 
bag carrier amounts to from 200 sacks dur- 
ing the leaf season to an average of from Io 
to 20 sacks at ordinary seasons, each sack 
holding ahout 2 cu. ft. 

The development of the various sub-sec- 
tions is the most important duty of the fore- 
man or inspector in charge of a section, the 
object being to secure a uniform task on each 
route. For example, the Chicago Efficiency 
Bureau, under Mr. J. L. Jacobs, finds that 
it takes 60 per cent more time to clean granite 


block than asphalt; the combined opinion of 
eleven street-cleaning district superintendents 
in New York City gave Belgian as 50 per 
cent more than asphalt and cobblestone as 
300 per cent more. The condition of pave- 
ment largely affects the labor required and, 
from good to bad, is given as 50 per cent 
more. 


WASHINGTON METHODS 


In Washington the practice has been to have 
the foremen divide their sections into routes. 
These routes are plotted in the office and 
criticised, the foreman being asked his reasons 
for making certain divisions. Suggestions are 
made as to possible improvements. The fore- 
man is allowed to change his sub-sections at 
any time, but is required to notify the office 
and is expected to be ready with reasons for 
the change. The original maps showing the 
sections are pasted to celluloid sheets on which 
the various sections are marked with colored 
crayon or water colors. This method per- 
mits of any number of alterations or erasures 
without destroying the legibility of the map. 

The equipment used in hand-patrol work 
consists of hand machines, bag carriers and 
burlap sacks, pushbrooms, pan scapers, sprink- 
ling cans and shovels. The dirt collected is 
placed in sacks and left at convenient points 
to be collected and taken to the dump. 

Sacks are used in preference to cans because 
of the weight, bulk and noisiness of the latter, 
as well as the large number required and the 
greater difficulty and dust in loading. If jute 
sacks continue to go up in price, however, cans 
may be used, for in wet weather a sack some- 
times lasts only three or four days. 

The hand machines used in Washington 
consist of two metal boxes mounted on wheels 
with a revolving bass broom between them. 
Its action is similar to that of a carpet sweeper 
and on smoothly paved streets it does excellent 
work, provided the dirt is not stuck to the 
pavement, in which case a pan is far superior. 
In most cases the sections assigned are so 
large that it is impossible for the men. to get 
the droppings off the street immediately, and 
pans are preferred to the machines. To over- 
come this the department has been experiment- 
ing for nearly two years with a motorcycle 
sweeper. This machine is still far from me- 
chanically perfect. It consists of a motor- 
cycle in combination with a hand-sweeping 
machine, the engine being geared down to 
12 miles per hour. Some very good results 
have been obtained with this machine and a 
very large area has been covered. No doubt 
the perfected system of street cleaning will 
consist of some such machine to work in con- 
nection with several bag carriers for collect- 
ing the dirt, cleaning gutters, etc., the streets 
being washed every two or three days. 


MacHINE-BrooM CLEANING 


The machine-swept area consists of 2,200,000 
sq. yd. or 45 per cent of the paved area of 
the city, the area being almost entirely resi- 
dential, and each street being swept every 
other day. The force employed consists of 
four gangs, each composed of one sprinkler, 
three machines, four carts and four to seven 
broomers, depending on conditions in a par- 
ticular section. 

The question of the number of machines to 
a sprinkler is important and has been the sub- 
ject of much study and experimenting. The 


three combinations possible with Washington 
conditions are one sprinkler to three machines, 
three to four, or two to five. By experiment- 
ing with odometers, thus obtaining the dis- 
tance traveled, and through the cost keeping, 
the combination of one sprinkler and three 
machines has been adopted as the most ad- 
vantageous, each team covering about 25 miles 
per day. The one-to-four combination was 
slightly more economical because of the 
larger area per sprinkler, but the amount of 
sprinkling required was more than one team 
could accomplish without trotting the horses 
and bringing the mileage up to 35 or 40, the 
machines still making about 25. On the other 
hand, the two-sprinkler-five-machine combina- 
tion gave higher unit costs, while the mileage 
covered decidedly favored the sprinklers. 

In operating a gang the sprinkler valves are 
not opened continuously but are popped by the 
driver according to the amount of dirt to be 
removed, the distance ahead of the machines 
and the. kind of pavement. Much skill is 
needed in this operation, as too little water 
causes very heavy dust, while an excess causes 
a slimy mud which the brooms cannot remove. 

Streets are always swept from the center 
toward the curb, the machines following one 
another, and overlapping slightly. 

In leaf season all machine carts are pro- 
vided with removable “leaf tops,” which are 
chicken-wire frames of light weight and fit 
on the flare boards, increasing the capacity 
of the cart about 2% cu. yd. 


SCHEDULES 


The schedules of streets to be cleaned are 
very carefully worked out in the office so as 
to prevent any dead travel and to have each 
street cleaned every other day. Running 
streets are given from and to the stable for 
each day, so that the machines work practically 
from the time they leave in the morning until 
they return, 85,000 to 90,000 sq. yd., per ma- 
chine being figured in Washington a day’s 
work. This is considerably in excess of the 
area reported by various other large cities. 
The total area of the streets assigned to each 
gang ranges from 538,000 to 542.000 sq. yd., 
and the boundaries of each are the result of 
detailed office study. 

The area included in squeegee cleaning com- 
prises a large proportion of the smoothly paved 
streets in the “white-wing” or hand-patrol sec- 
tion, amounting to about 1,766,000 sq. yd. or 
64 per cent of the total white-wing area. At 
the present time two gangs of one sprinkler 
and three machines are in operation, each 
machine covering about 80,000 sq. yd. per day 
of eight hours, or the entire area being washed 
in about three and one-half days. During the 
summer months one gang worked double shift 
and every street was washed about every two- 
and one-half days. The above ratio of one 
sprinkler and three machines, as in the case 
of machine-broom cleaning, has been worked 
out by experiment and found to give the best 
results on Washington streets. 

The mode of operation is to have the 
sprinkler precede the squeegees some short 
distance and allow the baked dirt to be soft- 
ened by absorption, the sprinkler throwing 
as much water as is possible. All the squee- 
gee work being on the white wing section, 
no special provision is made for the removal 
of the dirt, the collection being made by the 
white wings. 

Street FLUSHING 

The flushing area comprises all poorly paved 

and block pavement in the white-wing area, 


amounting to about 300,000 sq. yd.. or IT per 
cent., each street being flushed twice weekly 
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by a gang of three flushers. Washington hav- 
ing a comparatively high water pressure, 
amounting to from 40 to 60 lb., these machines 
are all of the hydraulic compressed-air type. 

The market section of the city is included 
in the flushing schedule, and in this area, 
which is probably the dirtiest in the city, it 
is found that the flusher will clean approxi- 
mately its own width, each charge lasting 
about one block of 500 ft. As in the case of 
the squeegees, it has been found necessary, 
because of the heavy loads, to use three horses 
on each machine. At present, each machine 
is turning out approximately 30,000 sq. yd. per 
eight hour day. 


OILING 


During the summer of 1912 five sprinkling 
wagons were used on approximately the entire 
suburban area in laying the dust with various 
oils and patented preparations, each street 
being treated approximately every ten days. 
It was found that the cost of this work was 
slightly in excess of that for sprinkling, but 
much better results were obtained and the 
streets were made much easier to keep clean. 


Steel Hull of Ferry Erected Twice 
before Launching 


The side-wheel ferry Leschi, which has just 
been constructed for fast service on Lake 
Washington at Seattle, Wash., was first 
erected in the shipbuilding yards on the East 
Waterway and then dismantled, the parts being 
moved on flat cars to the shore of Lake Wash- 
ington, where keel blocks were fitted out on 
the beach. Although there is only a compara- 
tively short haul between shipyard and beach, 
it was considered cheaper to erect first at the 
former point where equipment was conveni- 
ently arranged. The shifts -of butts on the 
trusswork were so arranged that it could be 
taken apart and transported in long sections 
fully riveted up; and with side tracks within 
a few yards of shipyard and the erection site 


at the beach, there was no great difficulty in- 


moving the sections to and from the cars 
by means of large derricks. About six days, 
however, were required for taking down the 
hull as erected in the shipyard. 

The ferry has a length of 169 ft., a breadth 
over guards of 52 ft. 4 in. and a molded 
depth of 8 ft. 3 in. The hull is subdivided 
by three athwartship watertight bulkheads and 
is tied together longitudinally, in addition to 
the ordinary keelsons and stringers, by a pair 
of riveted steel trusses extending from end 
to end. The main-deck beams and superstruc- 
ture will be of wood, and this part of the 
work, as well as the installation of the en- 
gines, will be done at the beach. 

The Leschi will be driven by a pair of in- 
clined high-pressure, non-condensing engines 
developing about 700 hp and calculated to give 
the ferry a speed of approximately 15 miles 
per hour. The boat is being built for the 
Seattle Port Commission by J. F. Duthie & 
Co., the contract price being $85,000. De- 
signs for the hull were prepared by Mr. Fred 
A. Ballin, of Portland, Ore. 


Tue Cost or CLEANING SEweERS in Hamil- 
ton, Ohio, after a heavy flood had packed the 
channels with débris, was 2%4 cents per foot. 
The machine used was made by the Turbine 
Sewer. Machine Renovating Company, of 
Milwaukee, Wis. The cost data were col- 
lected by Mr. J. A. Holzberger, Director of 
Public Service. 
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Design of Large Bridges, with Special Reference 
to Quebec Bridge—Part II 


Paper by Ralph Modjeski, Consulting Engineer, of Chicago, Presented before 
the Mechanical and Engineering Section of the Franklin Institute, Philadelphia 


With regard to the distance between trusses 
and their position relative to each other, the 
trusses of the new Quebec Bridge will be in 
two vertical and parallel planes. The distance, 
center to center of trusses will be 88 ft. One 
of the first preliminary sketches made after 
the board was created contemplated placing 
the trusses in planes inclined in the same man- 
ner as in the Forth Bridge, namely, with the 
tower posts converging toward the top and the 
bottom chords of both the anchor and the 
cantilever arms converging toward their re- 
spective ends. Another sketch contemplated 
trusses in vertical planes, but converging for 
the anchor and cantilever arms toward their 
respective ends. Both these plans would be 
economical in the amount of metal required 
in the finished bridge; but erection of a struc- 
ture of this magnitude is extremely difficult, 
and some sacrifice of economy is necessary to 
make the field work as safe and easy as 
possible. 

It was during the erection that the old Que- 
bec Bridge collapsed. The board consulted 


several of the best authorities on erection of - 


large structures, and, while their opinion dif- 
fered somewhat, it was decided, after much 
deliberation, to make the trusses parallel 
throughout. In doing so we had in mind not 
only the erection, which was the principal 
consideration; but the greater simplicity of 
details at such important points as the pier 
posts and the points of suspension of the sus- 
pended span. The connections at these points 
become quite complicated when the anchor 
arm, cantilever arm, and suspended span 
trusses are not all in the same plane. It 
would have been possible to design the bridge 
with trusses in two planes inclined toward 
each other, parallel to the axis of the 
bridge and passing through the end sup- 
ports of each truss. In this manner all 
connections of truss members would have 
been nearly as simple as in the adopted 
design. Such a design was also sug- 
gested and considered. But it was soon de- 
cided that the erection of heavy members in 
an inclined plane of the truss would be too 
hazardous, and this plan was abandoned. 


EFFECT oF Lasor CONDITIONS 


A question may fairly be asked: Since the 
Forth Bridge, with its curved bottom chords, 
inclined and flaring trusses, has been so suc- 
cessfully constructed, why was it not possible 
to follow a similar design in the Quebec 
Bridge? The difference is all in the labor 
conditions prevailing on the two continents 
at the respective times of building these 
bridges. At the Forth Bridge 3200 to 4100 
men were employed when the work was pro- 
ceeding full swing; their number attained 
4600 for a short period. At Quebec such a 
large force could not be mustered. The con- 
tractors contemplate now using approximately 
400 men in the field and not over t000, in- 
cluding men in the shops. In the Forth Bridge 
the material was all manufactured at the 
bridge site. By using a large force of men it 
was possible to build up the various members 
of single plates or shapes so that no heavy 
pieces were handled. 

The admirable design, consisting principally 
of tubes, of which there are nearly 6 miles in 
the bridge, was built up by employing the 


method used in building boilers, piece by piece. 
The connections were laid out in the field, 
plates bent to suit, drilled and riveted on. 
This method of procedure would be impossible | 
in Quebec. Not only are the men not avail- 
able, but while on the Firth of Forth the cli- 
mate is such that work may go on at all sea~ 
sons of the year, in Quebec work aloft is 
impossible during more than seven months in 
the year. Here, then, the bulk of the work 
must be done by machinery to save manual 
labor, and must be done in the shops to permit 
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St. Lawrence Bridge Company’s Design 


Deformation Diagrams of Quebec Bridge 


Live load reversed. Scale of deformation is 120 times 
greater than scale of truss 


a continuous progress. The work in the field 
must be reduced to the minimum or to the 
assembling of large pieces—as large as it is 
practicable to handle. The American type of 
pin-connected construction lends itself best to 
these conditions, but with that type the details 
will be much simpler and the erection much 
easier with trusses situated in two vertical 
and parallel planes. 

System of Trussing—The system of truss- 
ing was from the beginning the object of dis- 
cussion and diversity of opinion among the 
members of the board; so much so, that be- 
fore a definite agreement was reached it was 
decided to work up a plan which, though not 
satisfactory to all the members of the board, 
would, when detailed, give the first accurate 
estimate of weights, which would be also suf- 
ficiently accurate to serve as a start in design- 
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ing any other plan of the same general dimen- 
sions, The plan thus detailed, though not 


- approved, will be referred to as the official 


design. 

A discussion of the proceedings among the 
members of the board and the government 
officials, which led to the ultimate result, would 
be out of place here. Let it suffice that, in 
addition to asking for tenders on the official 
design, the bidders were requested to submit 
their own designs in accordance with specifi- 
cations furnished by the board. The time 
allotted for preparing such designs was shorter 
than the time it took the board to prepare the 
official design; but it should be remembered 
that the official design furnished to the bid- 
ders information which it took months of 
study to prepare. Not the least important in- 
formation thus furnished was the estimate of 
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St. Lawrence Bridge Company’s Design 


Deformation Diagrams of Quebec Bridge 


Dead plus live load reversed. Scale of deformation is 
60 times greater than scale of truss. 


weights computed from the details of the offi- 
‘cial design. 

Selection of Design—Several designs were 
submitted with the tenders; the design sub- 
‘mitted by the St. Lawrence Bridge Company, 
with what may be called a “K” system of 
‘trussing in the cantilever arms and anchor 
arms, was finally recommended by the major- 
ity of the board and later endorsed by an en- 
larged board appointed by the Minister of 
Railways and Canals for the special purpose 
of selecting the best tender. The main rea- 
‘sons for recommending the design in question 
‘are given in the enlarged board’s report as 
follows: (a) The type of design offers greater 
‘safety to life and property during erection, as 
well as economy and rapidity in construction. 
(b) The design contains the minimum number 
cof secondary members and requires few, ifiany, 
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temporary members during erection. (c) The 
system of triangulation, by dividing the web 
stresses, reduces the members to more prac- 
tical sections and simplifies the details of con- 
nections. (d) The design economizes mate- 
rial, as shown by the calculated weights of the 
two designs. (e¢) The general appearance of 
the structure is, in our opinion, improved. 


UnirorM DEFLECTIONS 


There are two advantages of this “K” de- 
sign which are not clearly brought out in the 
above reasons, and on which I wish to lay 
considerable stress, namely, uniform deflec- 
tions and regularity of erection operations 
from panel to panel. The uniform deflections 
can best be seen by comparing the Williott’s 
diagrams which show the deflections of the 
anchor arm under dead load and under dead 
and full live load in the old, the official, and 
the final designs. The deformations are, of 
course, on an exaggerated scale. A compari- 
son of these diagrams will show that second- 
ary members, or those which receive their 
maximum stress from partial live load only, 
such as the vertical suspenders carrying one 
panel of floor, or members which carry dead 
load only, such as vertical sub-posts support- 
ing the top chord, or members which normally 
have no stress in them, such as struts which 
serve to reduce the unsupported length of 
main compression members, are the source of 
local bending in the main members to which 
they connect. This is because the variation in 
length of the secondary members as the loads 
are applied is independent of the variation in 
length of the main members. [or instance, 
a secondary member carrying dead load only 
receives its full deformation in length when 
the span is finished, but its length remains con- 
stant under any condition of live load, while 
the adjoining main members compress or 
elongate with each application of live load, In 
the same manner a suspender carrying one 
panel of the floor, for instance, will receive its 
maximum elongation under concentrated live 
load in this panel whether the remainder of 
the bridge is loaded or not, while the adjoin- 
ing main members will receive their maximum 


deformation under quite different conditions, 


of loading. The bridges are generally de- 
signed in such a manner that the secondary 
stresses are either entirely eliminated or 
largely reduced when the main members are 
subject to greatest direct stresses. This is 
done by determining the lengths of the various 
members, both main and secondary, in such a 
way that the truss, under the maximum load, 
will assume as nearly as possible the geo- 
metrical shape. ‘This requires, however, an 
initial displacement of the main members, 
which during erection may be very objec- 
tionable. 

The diagrams referred to show the situation 
as reversed, namely, as if the loads were ap- 
plied to a truss having the true geometrical 
form. In order to obtain the true geometrical 
form, after the loads are applied, we should 
begin with a truss deformed under condition 
of no load, 

The comparatively large distortions of the 
truss in the old design are due not only to 
greater unit stresses used but also to the 
curved bottom chord and the large number of 
secondary members. I have explained the rea- 
son why curved bottom chords were used in 
that design. Of the three designs shown in 
the diagrams, the new design has the least 
number of secondary members. It should be 


remarked that the same advantage could have, 


been obtained with a double intersection War- 
ren truss by arranging the panel lengths in 
such a manner as to eliminate the intermedi- 
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ate vertical secondary members supporting the 
chords. (See Memphis and Forth Bridge dia- 
grams on insert sheet supplement to Engineer- 
ing Record, Sept. 20.) It would be interest- 
ing to know the extent of secondary bending 
stresses produced in the tubular bottom chords 
of the orth Bridge by those vertical mem- 
bers, but unfortunately the necessary data for 
their calculation are not available. 

The regularity of erection operations con- 
sists in the fact that, starting from the pier, 
the position of members in each panel in the 
“K” design is just like the preceding one, and 
that coupling up of members in each succes- 
Sive panel, as the traveler moves forward, re- 
quires the same succession of motions as in 
the preceding one, except that pieces become 
lighter as the erection proceeds, Experience 
shows that the oftener an erection crew goes 
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Weight per Foot of New Quebec Bridge 


through a series of the same motions, as, for 
instance, in erecting a succession of simple 
spans all alike, the more rapid their progress 
becomes. 


IkATURES OF QuEBEC DestGn 


Some of the more important features of the 
(Quebec design will be of interest. The lateral 
wind-bracing has been omitted between the 
top chords of the cantilever and anchor arms. 
All wind forces are taken directly to the pier 
through substantial bracing between the bot- 
tom chords. This arrangement not only makes 
the distribution of wind stresses perfectly defi- 
nite but permits the spreading of tracks to 
32 ft. 6 in., center to center, instead of the 
usual 13 or 14 ft. which results in a saving in 
the floor system, and consequently in the en- 
tire structure. With the tracks spread, a load 
on one track only produces a torsion in the 
cantilevers, and the presence of wind-bracing 


Weight per Foot of Forth Bridge 


between the top chords would produce unde- 
sirable and excessive stresses which would 
have to be taken care of by a large addition 
of metal to the lateral and sway systems and 
to the trusses. 

The floor system is of carbon steel through- 
out. It is, therefore, stiffer than if made of 
nickel-steel. The long floor beams deflect less 
and the secondary stresses produced by their 
deflection are thus reduced, Even then some 
of the connections of floor beams to posts had 
to be made by means of pins. The top chords 
of the cantilever arm and of the anchor arm 
as now designed are of carbon steel eyebar. 
The originally submitted design contemplated 
nickel-steel plates riveted throughout for the 
cantilevers, and carbon steel plates for the 
anchor arms. By substituting eyebars a bet- 
ter design is obtained and much easier erec- 
tion assured, and, although nickel-steel is re- 
placed by carbon steel in the cantilever arm, 
the substitution results in a saving when 
both the cantilever and = anchor arms 
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are considered. Carbon steel will be preliminary stress sheets calculated, the de- the weather by having the metal top closed 
used in the entire anchor arm, in the tails of the structure must be worked out. immediately after the pole was set. 


top chord and pier members of the cantilever 
span, in the top lateral system of the suspended 
span, in all the floor system and in all sway 
bracing. Nickel-steel will be used in the 
trusses and bottom laterals of the suspended 
span, in the trusses except top chords and pier 
members, and in the lateral system of the 
cantilever arm. The anchor bars which hold 
down the ends of the anchor arms have been 
made very long to reduce bending stresses 
from expansion. 

The suspender eyebars which support the 
suspended span are subject to oscillation in the 
plane of the trusses, due to expansion. A 
total expansion of 16 in. must be taken care 
of at these two points of suspension, besides 
the extension of the bottom chords under the 
live load. Manganese bronze bushings will be 
provided in these eyebars to permit of easy 
turning on the pins. But, even should these 
fail to turn, there is sufficient metal in these 
eyebars to prevent overstress from bending. 

Friction brakes will be installed to prevent 
excessive longitudinal oscillations of the sus- 
pended span under tractive forces of trains. 

All latticing of compression members is de- 
signed in proportion to the sectional material 
of each member. The latticing is made strong 
enough to transmit in transverse shear 2 per 
cent of the direct stress of the member. 


DETERMINATION OF DEAD LoAp 


After the designer has determined the prin- 
cipal dimensions and has designed the skele- 
ton outline of the bridge, the next necessary 
step is to calculate the stress sheets and pro- 
portion the various members. Assumptions 
must first be made on the dead load of the va- 
rious portions of the span. In simple spans 
and in suspension bridges a first assumption 
of a uniform load per foot is generally suffi- 
cient except in very long spans, in which the 
concentrated loads should be calculated after 
the details are designed, and the sections 
should be checked and modified if necessary. 
[n cantilever structures the distribution of the 
dead load is quite far from uniform. 


The Forth Bridge weighs 2 tons per foot - 


at the center of each span and 13% tons per 
foot near the towers. The new Quebec 
Bridge weighs 8.7 tons per foot near the cen- 
ter and 38 tons per foot near the piers. The 
original Quebec Bridge was underestimated— 
the calculated dead load stresses were too 
small; it was to guard against a similar error 
that the official design of the new bridge was 
worked out in detail before even the system 
of trussing was quite agreed upon. 

In calculating the weight of a span from 
the known weight of a shorter span it is cus- 
tomary to assume that the total weight of steel 
in trusses and bracing increases.as the square 
of the span. This rule of thumb is sufficiently 
correct for small spans, not to exceed 200 or 
300 ft. in length, but is obviously wrong for 
very long spans. If it were true for all spans, 
then a span 10,000 ft. in length could be built 
by providing 100 times more metal than a 
span of 1000 ft. would require. We know that 
a span of such length is impossible with mate- 
rials now known and that it would fail under 
its own load. As a matter of fact, in a canti- 
lever system of the size of the Quebec Bridge 
the weight of the steel increases more rapidly 
than the cube of the length. This power or 
exponent increases still further for longer 
spans until it becomes infinite for a span which 
is just long enough to carry its own weight 
only at the allowable unit stresses without be- 
ing able to carry any live load. 

The principal dimensions being fixed and the 


Needless to say that all these determinations 
which I have mentioned as taking place in 
succession are correlated to each other, and 
frequent retracing of one’s steps is necessary 
before the detail plans are matured. The gen- 
eral order of procedure, however, is always 
about as described. 
(To be concluded.) 


Erecting a One-Piece Wooden Flag- 
pole 208 Feet Long 


The erection of a Douglas fir flagpole in 
front of the provincial courthouse at Van- 
couver, B. C., has presented unusual features 
because of the desire to use a long, single 
stick, representative of the timber resources 
of the province, and to so place it that its 
base would be secure from decay. Accord- 


The flagpole is 208 ft. long, 36 in. in diam- 
eter at the base and 10 in. at the top, and 
when ready for erection weighed about 10 
tons. A derrick with an 87-ft. mast was used 
for erecting the pole, to which the hoisting 
cable was attached just above the center of 
gravity, as determined by trial. As a safe- 
guard against bending stresses during erec- 
tion, four small cables were run lengthwise of 
the pole on opposite sides and were thrust out- 
ward at the mid point by struts to bring them 
up taut. After a few preliminary pulls to try 
out the tackle, the pole was raised without 
any difficulty, was set in the metal casing and 
then lashed to the derrick mast until guy 
cables could be attached. 

The guys are eight in number, four being 
attached at a height of 108 ft. and four at 
166 ft. Four blocks of concrete 8 ft. square 
and 8 ft. deep are provided for anchoring the 


Raising One-Piece Wooden Flagpole, 208 Feet Long, at Vancouver 


ingly, a suitable timber was cut and delivered 
in the rough at the courthouse in the fall of 
1912. It was supported in a horizontal posi- 
tion on blocks placed about 15 ft. apart and 
left for a year to season where there would 
be no likelihood of its curving while drying. 
During the seasoning it was turned frequently, 
worked with a draw-knife, and finally given 
several coats .of paint. ‘The pole is circular 
in the upper section and hexagonal at the base. 

In September, 1913, it was moved on rollers 
to its final location, the center of gravity of 
the pole being placed adjacent to the founda- 
tion pit. The foundation consists of a con- 
crete block below ground, 12 ft. square and 
12 ft. deep, in the center of which a square 
hole 3 ft. wide and 9 ft. deep was provided to 
receive the lower end of the pole. This hole 
was lined on sides and bottom with galvanized 
iron 3/16 in. thick, to exclude moisture. The 
metal casing was built up in the shape of a 
tank, slightly smaller than the hole into which 
it was lowered and secured in place by pour- 
ing grout around it. The walls of this metal 
casing extended above ground far enough so 
that after the pole was in place they could be 
bent inward, the edges sunk into the wood 
slightly and all four sides soldered together 
so as to shed water. The casing was made of 
such size that when the pole was in place 
there was a 3-in. space all around between 
pole and casing. This space was filled with 
dry sand, tightly packed and protected from 


guys, one guy from each of the two girdles 
running down to each concrete block. Sur- 
mounting the pole is a 4-ft. globe and a 20- 
ft. weathervane in the shape of an arrow. The 
vane is carried on a shaft let into the pole a 
distance of 3 ft., revolving on brass bearings. 
Globe and arrow weigh about 500 lb. 

The work of erecting the pole was done by 
McDonald & Wilson, of Vancouver, under the 
supervision of Mr. E. Bickerton. 


Testing Wooden Poles 


Tests of wooden poles reinforced at the 
ground line with concrete collars were recent- 
ly conducted by the Pittsburgh Reinforcing 
Pole Company to determine the effectiveness 
of its Orr reinforcing collars. Five 40-ft. 
and ten 30-ft. chestnut poles and ten 30-ft. 
cedar poles were tested. In the first test the 
cedar poles broke off above the collar at an 
average pull of 2000 Ib, and the chestnuts at 
an average pull of 3000 Ib., the load being ap- 
plied 30 ft. above the ground on the 4o-ft. 
poles and 19 ft. on the shorter ones. In almost 
every case cracks developed in the concrete 
collar at 1500 Ib., although the ultimate 
strength was satisfactory. lor ‘the second 
test heavier collars were used, and five of the 
40-ft. poles withstood an average pull of 2335 
Ib. before developing any cracks in the col- 
lars, six 30-ft poles withstanding 2444 lb. in 
a similar manner. 
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Effects of Flood on Pavements and Sewers 


Notes on the Damage and Repair of Municipal Works at Dayton 
By Gaylord C. Cummin, C.E., Former City Engineer of Dayton 


The flood of March, 1913, with from 6 to 
20 it. of water in the city, developed some 
very high velocities in the streets, which led 
to forms of damage to street pavements not 
often encountered. The greatest damage oc- 
curred on those streets paved with sheet as- 
phalt,-of which there were many miles within 
the flooded area. This pavement consisted of 
a 6-in. concrete base, I-in. binder, and 2-in. 
wearing surface, a few of the oldest streets 
having a I-in. sand cushion in place of the 


was ascertained that asphalt streets, where the 
surface had been in good condition and with- 
out holes at the time of the flood, were not in- 
jured, even where the velocities had been very 
high; but where there were holes in the sur- 
face even comparatively low velocities resulted 
in almost complete destruction. The con- 
crete foundation did not suffer any appre- 
ciable damage, although some patching will be 
necessary because of traffic on the concrete 
since the flood and before the resurfacing was 


Asphalt Paving on Ludlow Street Damaged by March Flood 


binder. The pavement laid during recent 
years suffered little or no damage, but a num- 
ber of streets that were laid from twelve to 
sixteen years ago, especially where subjected 
to heavy traffic, were practically continuous 
patchwork, with but little of the original 
pavement remaining. The water succeeded 
in getting between the wearing surface 
and the concrete foundation, especially 
where holes had developed since last sea- 
son’s repairs, and in’ some cases the 
strong currents ripped up the whole  sur- 
face for several blocks, scattering the pieces 
over the streets several hundred feet from 
their original position. Pieces from 15 to 20 
sq. yd. in area were moved from 200 to 300 ft., 
and in some cases turned over, piled one on 
another, and carried upon sidewalks. 

The pavement appeared to break at the joints 
between patches, the unpatched pavement suf- 
fering very little. Some of the patchwork 
was first class, but much was burned and dead, 
and in many instances no binder had been 
used, The burned asphalt broke and crum- 
bled into small pieces, but the better work re- 
mained in large sheets and showed consider- 
able tenacity, many sheets being bent 30 dey. 
on a 6-in. radius without fracture. The ac- 
companying illustration gives a good idea of 
the destructive effects on these pavements. 

A careful examination was made of all the 


asphalt streets in the flooded district, and’ it 


complete. The total area of surface that will 
have to be replaced as a result of the destruc- 
tive effects of the flood exceeds 30,000 sq. yd. 

By far the greatest number of streets in the 
flooded area are paved with vitrified brick, 
using a grout filler, These were only dam- 
aged where the foundation was undermined 
by some local vagary of the current, the total 
damaged area not exceeding 1000 sq. yd. 

There were two macadamized streets in the 
flooded district, one being adjacent to a bad 
washout in the levee. This last-mentioned 
street was badly washed and must be reshaped 
and given a new top dressing, 

The few stone-block streets were not injured 
at all, although old and in poor repair, There 
is no wood block in Dayton, and the only 
bitulithic pavement was not in the flooded dis- 
trict. 

SANITARY SEWERS 


Storm and sanitary sewers came through 
the flood {n remarkably good shape. The sani- 
tary sewers empty into the Miami River at 
four pointy in the southern part of the city. 
At two of these outfalls it is necessary to 
pump the sewage into the river when the stage 
exceeds 9% ft. For this purpose two pump 
stations equipped with electrically driven cen- 
trifugal pumns are employed. TEjectors, run by 
compressed air, furnished through pipe lines 
from the city waterworks, are used in the low 


parts of North Dayton and Riverdale to lift 
the sewage so that it can flow by gravity 
through inverted siphons under the river into 
the main sewers in the central part of the city. 
The sewers themselves were practically all 
found open when the water receded, no stop- 
pages of any importance occurring. The pump 
stations were flooded and the electrical ma- 
chinery was ruined; and as the river main- 
tained a high stage, and rose above 9% ft. 
during the next week, temporary suspension 
of the sewers tributary to these outfalls was 
necessary. The air lines to the ejectors were 
destroyed, and the ejector pits were filled with 
mud and gravel. The sewers in North Day- 
ton and Riverdale were therefore by-passed 
into storm sewers and discharged direct into 
the river. The St. Francis outfall was blocked 
by the ruins of an undermined manhole, and 
some trouble was experienced in opening this 
on account of the high stage of the river. 

Except for the temporary interruptions due 
to high stages of the river, all of the sani- 
tary sewers, with the exception of those in the 
small St. Francis district, were in full overa- 
tion within three days of the receding of the 
waters. Some stoppages occurred in the mains 
and laterals, but these were promptly opened 
as soon as reported. The St. Francis outfail 
was cleared within a week, and the receding 
stage of water in the river permitted the 
operation of the whole system. The damage 
done to the sanitary sewers by the flood con- 
sisted of the ruining of the motors and switch- 
boards in the pump stations, the motors need- 
ing rewinding and the switchboards general 
overhauling; a* few unimportant washouts on 
laterals and the loss of manhole covers and 
the like. Since the flood a great deal of trouble 
has been experienced with stopped-up house 
connections, and outside of the injury done the 
pump stations, this is the most serious damage 
done to the system. 


StorM SEWERS 


The storm sewers required much more at- 
tention than did the sanitary sewers. Practi- 
cally every one of the sixteen hundred catch- 
basins in the flooded district were filled to the 
top with mud and débris. Manhole and catch- 
basin covers were lost, and a few sewers with 
a very flat slope were so choked with mud 
that a thorough cleaning was necessary. Two 
pump stations of similar design to that of the 
sanitary system, situated in Riverdale and 
North Dayton, were flooded and suffered the 
same fate as those of the sanitary system. 

The flooded area was divided into eight dis- 
tricts, and lists of the catchbasins with their 
locations were made. Gangs of five or six 
men, furnished with a list of streets where the 
basins to be cleaned were situated, were started 
the Saturday after the flood. In these eight 
districts there were basins of all types, all 
of which were inspected, and as many cleaned 
as possible with the equipment at hand. Those 
not cleaned at first were reported and cleaned 
when proper equipment was secured. Within 
a week all the basins in the flooded district 
were cleaned with the exception of about forty, 
which were practically mere inlets, and were 
stopped up in the connection pipes leading 
to the manholes. The forces engaged in this 
work labored under great disadvantages from 
want of proper equipment and because many 
basins had to be dug out from a mass of 
débris. Many basins in the business district 
had to be recleaned as many as four times in 
ten days, due to the pumving out of cellars 
and the flowing of the nearly liquid mud that 
covered the streets into the bas'ns, in spite of 
the placing of planks over the openings in an 
effort to exclude as much as possible. The 
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sewers that required cleaning were cleaned as 
soon as possible, the river valves inspected, 
and any damaged parts replaced, and except 
for the pumping stations, the storm sewers 
were in full operation within two weeks of the 
time work was started. 


STREET-CLEANING PROBLEMS 


There were several rather unique problems in 
street cleaning presented by the mass of mud 
and débris left by the flood. The receding 
waters left a deposit of from 4 to 6 in. of 
river silt over everything in the flooded dis- 
trict, and in addition the streets were encum- 
bered with all sorts of refuse. As the business 
houses were cleaned, their contents of mud 
and damaged stock were dumped into the 
street, making probably the most miscellaneous 


Engineering Appraisements of 
Waterworks Properties 


When a water company begins to render 
poor service it is not long before there arises 
among the consumers a general demand for 
a readjustment of rates. This was the case 
at Chillocothe, Ohio, where the fire protection 
was inadequate, and at Texarkana, where 
water of an inferior quality was being fur- 
nished. In both instances Mr. Philip Bur- 
gess, consulting engineer, of Columbus, was 
detained to examine and appraise the prop- 
erties and advise as to a new basis for 
charges. The results of his experiences in 
this fie'd of valuation were embodied in a 
paper, of which an abstract is given below, 
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Traction Engine and Road Scraper for Cleaning Dayton Streets 


collection of litter that ever encumbered the 
streets of an American city. The task of re- 
moving this with despatch was one of the 
most pressing tasks after the flood. Dumps 
were located in different parts of the city, and 
all the men and teams that could be secured 
were set to work on the less encumbered 
streets, but the worst streets needed more 
effective methods. 

Temporary connections were made between 
the steam-railroad and the  street-railway 
tracks, and the railroads furnished flat cars 
that were handled by a light switch engine, 
a dinkey engine, and the National Cash Regis- 
ter Company's industrial locomotives. When 
these engines were not available and it was 
necessary to move the flats, either a motor 
truck or a steam roller was pressed into 
service. These cars were run on the prin- 
cipal streets and loaded by shovelers, steam 
shovels being used on the worst streets. A 
road scraper pulled by a steam roller was 
used to aid the shovelers, and material was 
also brought to the cars by teams where there 
was no dump available within a short distance. 
The cars when loaded were taken out of the 
city along the railroad and unloaded by men 
detailed for that purpose. 


presented before the Central States Water- 
works Association on Aug. 27. 

Four methods are used for valuating water- 
works properties: 

1. A determination of the original or book 


cost as indicated by actual past investments, — 


without allowances for depreciation or appre- 
ciation. To this value should frequently be 
added, for comparative purposes, the deficits 
in revenues below all necessary charges in- 
curred during the early history of the plant. 

2. A determination of the cost of repro- 
ducing new the existing property at costs 
based upon present nominal prices for mate- 
rial and labor, corrected for depreciation re- 
sulting from age and usage. This method 
necessitates studies of all values which may 
affect the worth of the plant as a going con- 
cern. 

3. A determination of the value of the 
plant as indicated by the market value of its 
securities, especially when there exists a rep- 
resentative market. 

4. A determination of the commercial or 
comparative value of the plant. 
properly would be considered by a tentative 
investor, especially if he were without detailed 
knowledge of construction costs. 


Such a value © 


Unfortunately the past or book costs of 

waterworks properties frequently are not 
availabie in reliable form, especially as re- 
gards replacements and extensions. It is not 
uncommon to find no plant account carried 
on the books and no distinction made _ be- 
tween maintenance and depreciation, or be- 
tween maintenance and true operating costs. 
It is the exception to find a waterworks ac- 
count in which depreciation is properly cared 
for. 
- It is the exception to find a representative 
market of the securities of waterworks proper- 
ties. In the majority of instances where 
plants have been established for a number of 
years the face value of the securities has little 
if any relation to the cost of the plant, so that 
it is an unusual instance when this method 
of appraisement is of value. 


DEPRECIATION 


Because laws frequently require appraise- 
ments of the cost of reproduction new the 
latter method is most frequently used in de- 
termining the valuation of waterworks prop- 
erties. The cost of reproduction new must 
be properly depreciated to determine the pres- 
ent worth of the plant. This also requires of 
the appraiser that he study carefully the life, 
age and present condition of the component 
parts of the properties and that he deter- 
mine the average life and rate of depreciation 


_of the plant as a whole. Subsequently he 


may assist his judgment by considering gen- 
eral data on the life and depreciation of simi- 
lar structures in tables prepared by authors 
of experience. Judgment and experience are 
here required of the engineer, because no two 
plants have the same component parts and be- 
cause the proportions of equally depreciable 
parts vary in different plants. 

In applying the method of reproduction 
new to property it is necessary to assume the 
beginning of the construction of a compara- 
tive plant under the data of the appraisement. 
The unit prices assumed by the engineer in 
constructing his imaginative comparative 
plant are a very important element of the final 
result obtained. Some of the parts vary 
materially in cost from time to time, as in 
the case of cast-iron pipe and trenches. Such 
other elements as valves, hydrants, pumps and 
boilers are of more uniform cost. It is cus- 
tomary to base the cost of reproducing cast- 
iron pipes on past costs for a period of five 
years preceding the date of valuation. The 
costs of pipe required for extensions made 
from time to time have little value in de- 
termining the cost of reproducing new, as 
they are often bought in small lots and not 
at carload prices. 

Preliminary costs, such as interest during 
construction, engineering, supervision, and 
contingencies, are generally estimated as a 
certain percentage of the total cost of repro- 
ducing new the physical plant. Such costs 
are often estimated at Io or I5 per cent. 
They should, of course, be determined upon 
the tota! cost of reproduction new and not 
upon the present worth after allowing for de- 
preciation. 

Having determined the total cost of repro- 
duction new, including preliminary costs, the 
next feature is to determine the proper allow- 
ance for depreciation. This determination 
requires an estimate of the probable life of 
the component parts of the plant. From 
these the average life of the plant as a whole 
may be readily determined. 

The depreciation fund should represent at 
all times the difference between the invest- 
ment and present worth of the plant. More- 
over, the annual contribution to the depre- 


SEPTEMBER 27, 1913 


ciation fund, placed at compound interest, 


should be of an amount such that the de- 


preciation fund accumulated during the 
period of the life of the plant as above esti- 
mated will equal the cost of the plant. 

An important element, therefore, to be con- 
sidered by the engineer in determining the 
amount to be contributed annually to the de- 
preciation fund is the rate of interest which 
that fund should yield. It has been argued 
that such funds in the past have been used for 
extensions and that, therefore, the rate of in- 
terest on the depreciation fund should be con- 
sidered as that allowed for a fair return on 
the entire investment. If, however, the de- 
preciation fund is to remain intact, a sav- 


_..ings-bank rate of interest at from 3 to 4 per 


“cent appears fair. 


Mr. Erickson, chairman of the Wisconsin 
Railroad Commission, stated last year that the 
average ratio between cost of reproduction new 
and the present worth of twenty-three water- 
works plants, as determined by the engineers 
of that commission, was 9I per cent. The 
maximum was 94.6 per cent and the minimum 
was 84.6 per cent. 


GoING VALUE 


Having determined the present worth of 
the plant, the engineer must decide what ad- 
ditions properly may be included to give the 
entire valuation of the works as a going con- 
cern, Again there is a considerable differ- 
ence of opinion among engineers as to the 
method of estimating what is commonly called 
the “going-concern” value, for while the 
courts have recognized such a value they have 
not determined how it shall be estimated. 
Three methods are commonly used. 

The first method is to figure going value as 
equal to the cost of developing the income 
of the present plant during its early history. 
The books of the water company, where avail- 
able, generally indicate deficits during the 
first few years’ operation of the plant. Such 
differences between the revenues and total 
costs of operation, including allowances for 
interest and depreciation, may be classified 
under “development cost” as distinct from 
“going value.” For comparative purposes the 
development cost should be included in the 
book cost of the plant. It properly has no 
relation to the cost of reproduction new. 

The second method considers going value 
as the cost of developing the income of an 
imaginative comparative plant exactly like that 
in question, the construction of the compara- 
tive plant to begin on the date of appraise- 
ment. 

A third method involves a measure of the 
added value of the physical plant due to the 
fact that it is a going and not a dead con- 
cern. This would seem to be on the basis 
that the “present worth” of the physical plant 
may be considered greater than that obtained 
from the cost of reproduction new corrected 
for the usual allowance of physical deprecia- 
tion, and that the present value of the plant 
is more nearly that of the cost of reproduction 
new. In other words, it is recognized that 
the physical plant may have a value to the 
company greater than its depreciated repro- 
duction cost, because the plant may be just 
as capable of giving first-class service to the 
public as it would be if it were absolutely 
new. This theory has been carried so far by 
some engineers as to lead them to say that 
the valie of a plant for ratemaking is the 
cost of reproduction new, and not the present 
worth as obtained by making allowances for 
depreciation and adding thereto a certain 
amount to represent the going-concern value 
estimated as a separate, distinct item. 
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Continuation of Louisville & Nashville Improve- 
ments in Eastern Kentucky 


Features of Reconstruction and New Construction from Irvine East 


In the construction of new lines and the 
adaptation of old lines of the Louisville & 
Nashville Railroad to the economical handling 
of coal from the fields in eastern Kentucky, 
the work from Irvine, the southern terminus 
of the new Winchester-Irvine line already de- 
scribed in this journal, to Beattyville, a dis- 
tance of 34 miles, consists chiefly of the filling 
of bridges and trestles, the widening of cuts 
and fills, and the construction of Irvine yard. 
Two miles east of Beattyville, at Maloney, the 
present line turns to the north and follows 
the North Fork of the Kentucky River up 
about 3 miles to a junction with the Lexing- 
ton & Eastern Railway, now controlled by the 
Louisville & Nashville. The Lexington & 
Eastern in turn comes down the other side of 
the North Fork to the Middle Fork, the 
windings of which it follows up to Tallega. 
A new line about 5 miles long under con- 
struction from Maloney to Tallega will cut off 
about 7 miles. From Tallega the improve- 
ment extends 3 miles farther, to Athol, the 
work on this section being grade and align- 
ment revision. 

IRVINE YARD 


Irvine yard is being built for the double 
purpose of creating a convenient division 
point for coal trains from the mines at the 
southern end of the Lexington & Eastern, 
and providing suitable junction facilities be- 
tween the new line to Winchester and the 
old one through Richmond. It will be a 
comparatively small yard, located just east ot 
Irvine and south of the old line, on even 
ground at a wide place in the valley. Ulti- 
mately the yard will 
consist of two groups 


(one for each direction) ee 


of sixteen 75-car tracks 
each, arranged tandem ee 
with parallel ladders; also oa 


a repair yard and an engine terminal. For 
the present the more westerly group and sev- 
eral tracks of the other group will not be 
built, being unnecessary for present traffic 
conditions. 

For a large part of the area of the yard the 
grading is light for the locality. The excava- 
tion will make more embankment than is 
needed for the immediate construction, but 
use is being found for it in the fill for the 
future extension. The location selected for 
the engine terminal is on the south side, to- 
ward the east end, on the site of a hill that 
conforms closely to the exterior line of the 
engine house. The hill is mostly rock, pro- 
viding a good foundation for the engine 
buildings, and the spoil, which is being taken 
out with a steam shovel, and handled with 
narrow-gage service equipment, is all being 
utilized. The engine house will have ten 
stalls, and ten other short uncovered engine 
tracks will radiate from the turntable. 

The yard as located fouled several public 
roads, and in order not to damage the com- 
munity in that respect a new highway is 
being built each side of the yard for its full 
length, with a new crossing at the east end. 
As the grading proceeded, two small private 
graveyards were encountered on the south 
edge of the yard. Although there had been 
no burial in one of the plots for at least 
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General Location Plan of Double-Deck Culvert at White Ash Creek 
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Sketch Plan and Elevation of North Fork Bridge on 6-Degree Curve 


fifty years, the laws of Kentucky are such 
that it was deemed inadvisable to attempt to 
move the graveyards. Their location was 
such that it was found that by moving the 
entire paper location of the yard some 300 
ft. to the west, keeping the one curve in the 
middle of the yard in its original location, 


Cross-Section of Subway at Beattyville 


the burying grounds would be avoided; and 
this was done. 

Wuire Asi 

About 114 miles west of Beattyville the old 
line crossed White Ash Creek, a highway and 
a private road on a trestle 400 ft. long. In 
order to get rid of the trestle and provide 
the necessary crossings, at the same time 
keeping the roads above the pool elevation 
established by the Federal government by the 
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construction of a dam in the Kentucky River 
near by, the double-track reinforced box cul- 
vert shown was designed. As the illustra- 
tions indicate, the waterway at the bottom 
is 12 ft. wide and 6 ft. 6 in. high. The roof 
is I ft. 6 in, thick, and is covered with a 6-in. 
layer of macadam, forming a roadway the 
same width as the waterway, with 13 ft. clear 
headroom. The waterway section extends far 
enough at each end to allow the roadways to 
turn off, and a parapet 4 ft. 6 in. high sur- 
mounting each end of the waterway roof in- 
sures against driving off the end. 

A short distance east of the point, on a re- 
location that avoids a detour around a hill, 
saving about 1000 ft., Myra Branch is crossed 
with a 6 x 8-ft. floating box culvert. To keep 
the top of the culvert above the government 
pool elevation previously mentioned it was 
necessary to locate the opening part way up 
one bank of the gully. Outcropping rock in- 
dicated that a solid support would be found 
for the entire culvert. When the excavation 
was made, however, there was encountered 


-between the hard rock at the ends a soft 


place about 16 ft. long at the inner side and 
100 ft. at the outer side. 

It was imperative that no time be lost, as 
the contractor was dependent upon the new 
culvert to get his steam shovel across the 
ravine within a short time. With a spacing 
of from 10 to 12 ft., 10-in. well casing was 
driven to solid rock along the center line of 
each culvert wall, and was then filled with 


Excavating Approach for New Mud Tunnel alongside and below Old Tunnel 


Ro CAO Rs) 


VoL. 68, No. 13 


concrete. Only one of these concrete piles 
was needed on the side next to the bank, 
but eight were used along the outer side. 
Extra reinforcement was used in the floor 
over the piles, and no trouble has been ex- 
perienced. 

l‘rom Maloney, where there are heavy cuts 
on the main line and, the wye, the principal 
features of the cut-off to Tallega are the two 
bridges over the North and Middle Forks re- 
spectively of the Kentucky River, on neither 
of which much has been done. Between 
them the grading is mostly comparatively 
light sidehill work. The Tyler tunnel, 725 ft. 
long, involved no special difficulties. The 
chief feature of it is its location. The west 
approach cut is practically nil, being located 
at a sharp elbow in the river. At the other 
end fairly heavy grading was necessitated for 
about 3000 ft., to the point where the line 
rejoins the river. Thus in less than 34 mile 
a loop in the river approximately 3 miles long 
is eliminated. 


NortH Fork Brince 


The general plan and elevation of the North 
Tork bridge are shown. It will be noted that 
the track will be on a 6-deg. curve with 


Nature of Rock at Old Mud Tunnel 


314-in. superelevation, and that the main-span 
piers will also be skewed with the span. It 
was originally intended to use three spans 
only, but it was found that if the U. S. gov- 
ernment should build the dam proposed at 
Beattyville the water would endanger the 
slopes around the west stub abutment. It was 
therefore decided to make this abutment a 
pier and put in another short span, utilizing 
a bridge taken out elsewhere. 

The Middle Fork bridge will be 400 ft. 
long and 80 ft. high above low water, with 
five spans. From this bridge to Athol heavy 
grading is encountered. The north approach 
fill is 800 ft. long and 50 ft. high, involving 
115,000 cu. yd. It shoots off practically at 
right ang'es to the Lexington & Eastern, 
which curves sharply around a hill. Ulti- 
mately the new embankment will cross the old 
line 17 ft. above it and strike deeper into the 
hill, the spoil from which wil go into a 
ravine just beyond. For the present, how- 
ever, the material is being brought dowu 
alongside the main track from a cut farther 
east. T°ew passenger trains are run over this 
line, and therefore it is permissible to utilize 
the main track for work-train service where 
to do otherwise would involve much expense. 
Therefore the narrow-gage track cuts into the 
other and uses it by means of a third rail 
for some distance, 
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East of the Middle Fork crossing the old 
as well as the new line leaves the river, reach- 
ing a summit at Mud tunnel, a distance of 

~1% miles. The old tunnel was originally 
about 800 ft. long. It was never permanentiy 
lined, and has given much trouble, a suc- 
cession of slides having shortened it at each 
end. The new tunnel will be approximately 
parallel to the old, a maximum of 42 ft. 
lower as to grade, and just far enough south 
of it to keep the edges of the new approach 
cuts away from the ends of the ties of the 
existing track. The west and east approach 
cuts are 3000 and 1000 ft. long respectively, 
and are 50 ft. deep. Owing to the treacher- 
ous nature of the shale and the trouble that 
the old tunnel has given, it is not known just 
how long the new one will be made, nor 
what special precautions will have to be taken 
on account of the unequal pressure owing to 
the proximity of the old tunnel and the in- 
stability of the material. 

The grading for the new construction, in- 
cluding Irvine yard, between Irvine and 
Beattyville is being done by the Carter Con- 
struction Company, of New York. The in- 
tervening work of filling bridges is being 
handled by Messrs. Hodges & Mimms, of 
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New York State Highway Department Bridges 


Standard Types and Details of Steel Girder and Truss Spans for Suburban Traffic 


Uniform types and standard details of steel 
superstructures for highway bridges varying 
by small increments from 10 to 150-ft. spans 
have been prepared by the Department of 
Highways of the State of New York for the 
free use of town and county officials. The 
annual cost of highway bridge repairs in New 
York State is about $365,000, exclusive of 
the cost of new construction. In order to 
reduce this expense and to secure suitable, 
efficient and economical new structures, the 
highway law gives to towns and counties the 
privilege of securing plans, specifications, es- 
timates and general advice and information 
for new bridges. Although this practice is 
not mandatory it is now used in about 75 
per cent of all new jobs costing over $1500 
each. 

This effects an estimated saving of $200,- 
000 a year, besides securing a much superior 
class of structures, about 33 per cent of which 
are provided with shop and mill inspection. 
Formerly bids were invited and all bidders 


Io-ton roller the cost and the steel weight 
per linear foot are estimated approximately 
as follows: For 50-ft. spans, $24 and 500 lb.; 
for 75 to 125-ft. spans, $30 and 618 lb.; for 
150-ft. spans, $37 and 833 lb. With concrete 
floors and a capacity for 15-ton road-rollers 
the estimates are: For a 75-ft. span, $28 and 
688 Ib.; for a 125-ft. span, $37 and 818 |b.; 
for a 150-ft. span, $42 and 1017 lb. These 
estimates are exclusive of the cost of sub- 
structure and are for localities near railroad 
stations on through lines where the hauling 
cost is light. 

The standard plans include girder spans 
varying in length by differences of 1 ft. from 
Io to 30 ft. in the clear and varying by 5-ft. 
increments from 30 to 50 ft. and having ca- 
pacities for Io-ton, 13-ton, and 15-ton rollers 
with roadways 16 and 18 ft. in width. 

Up to 30 ft. in length the spans are called 
culverts and have pile foundations and paved 
waterways where necessary. They are of two 
types with protected and unprotected beams, 
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Pony-Truss Span with Roadway Pavement on Concrete-Slab Floor and Riveted Floorbeams 


Birmingham, Ala. The Mason & Hanger 
Company, of Lexington, Ky., is the general 
contractor for the work between Beattyville 
and Athol. The Luck Construction Com- 
pany, of Roanoke, Va., has a subcontract for 
the grading from Beattyville to the North 
Fork, and also for % mile east of the Middle 
Fork. Between the two forks Mr. J. C. 
Williams, subcontractor, of St. Helens, Ky., 
is doing all grading except that of the Tyler 
tunnel and the short stretch from there east, 
which is being done by Mason, Hanger & 
Embry, of Tallega, Ky. The Mason & 
Hanger Company is handling the balance of 
the grading from Tallega to Athol, including 
the Mud tunnel, with its own forces. The 
Wardrup Construction Company, of Knoxville, 
Tenn., has the concrete work in the vicinity 
of Beattyville, including the culverts men- 
tioned, the abutments and piers for the North 
Fork bridge, and all other concrete work east 
to the Tyler tunnel. From this point east 
Messrs. Shore & Hall are placing the con- 
rete, 

Mr. John Howe Peyton, chief engineer of 
construction of the Louisville & Nashville 
Railroad, has general charge of the construc- 
tion work, and Mr. W. H. Courtenay, chief 
engineer, of the designing. Mr. E. L. Trow- 
bridge, assistant engineer of construction, has 
‘more direct charge of the yard work at 
Irvine, Mr. W. A. Brownfield being resident 
engineer. The remainder of the work is un- 
der the direct charge of Mr. E. D. Sloan, as- 
sistant engineer. Mr. S. F. Ferguson is resi- 
dent engineer for all changes from Irvine 
yard to Maloney, and Mr. L. B. Applegate is 
resident engineer for the remainder of the 


work. 
* 


presented unrestricted independent designs 
and specifications, often varying so much that 
no proper comparison could be made between 
them and affording an opportunity for the 
best talker to secure the contract, irrespective 
of merit. Under the new system bids are 
made on the same standard designs and re- 
quirements, and efficient. construction is as- 
sured if the specifications are complied with. 

The commission endeavors to secure perma- 
nent concrete protection for culvert beams, 
and concrete floors wherever practicable for 
longer spans. A book of instructions is issued 
giving tables of dimensions, materials and 
quantities for beam spans and a few impor- 
tant suggestions and typical drawings for 
truss spans. Bridges up to r50-ft. span are 


designed for a 16-ft. clear roadway and with 
capacity for a live-load of 85 lb. per square 
foot plus a concentrated load from a road 
roller, and vary in the type of floor and the 
provision for a 1o-ton or a 15-ton roller. 
With a wooden floor proportioned for a 


Portal 


the former having depths of 12, 15, 18 and 
20 in. In all of these spans there are no I- 
beams except longitudinal girders, which di- 
rectly support the solid concrete floor and the 
direct flange bearing on the abutment without 
sole plates. 

In the longer spans up to 50 ft. there are in 
each a pair of unprotected deep longitudinal 
I-beam through girders with protected trans- 
verse floor beam I-beams riveted to their webs 
through hitch angles. The main girders are, 
for the 35-ft. span, 28-in. 105-Ib. I-beams; 
for the 40-{{t; sp@o, 30+¢ny 120-lb. I-beams; for 
the 45-ft. s}m,/26-in. 10. b1b. I-beams; and for 
the 150-ft. span,* 30-in180-Ib. I-beams. The 
floor is uniform throughout and consists of 
concrete arches 6 in. thick at the crown 
seated on the bottom flanges of floor beams 
about 3 ft. apart on centers. 

At the fixed ends the girders are solidly 
built into the abutment masonry and at the 
expansion ends sole plates riveted to their bot- 
tom flanges rest on bed-plates set on the abut- 
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ments. he bed-plates have plain tops with- 
out guide ribs, but are engaged between guides 
formed on the longitudinal edges of the solid 
sole plates. A short transverse angle riveted 
to the lower surface of the bed-plate projects 
into the concrete masonry and fixes the plate 
in position. 
Truss Spans 


Spans of 60 ft. have riveted pony trusses 7 
ft. deep, with all members made of pairs of 
angles connected by cover-plates or tie-plates. 
The top chords and end posts have cover- 
plates and the webs of the bottom chord angles 
are reinforced in the center panels by vertical 
plates. The gusset plates at lower chord 
panel points are made very large to serve as 
connections to receive the field riveted hitch 
angle connections of the 24-in. plate girder 
floor beams. At the ends of the lower chords 
the gusset plates project beyond the bottom 
flanges and are reinforced for pin-bearings in 
riveted shoes. The 6-in. reinforced concrete 
floor slab rests on the top flanges of. steel 
stringers web connected to the floor beams 
and is integral with the curbs. 

The laterals have T-shaped cross-sections 
made of pairs of small angles back to back 
riveted to connection plates on the bottom 
flanges of the lower chords. As they are sev- 
eral inches clear of the bottom flanges of the 
stringers they are connected to the latter by 


slotted plates engaging them and riveted be- . 


tween the backs of the angles. One of these 
plates is shop-riveted and the other is field- 
riveted to enable the connections to be made 
in erecting the bridge. The hand rails con- 
sist of very light lattice girders 30 in. deep 


seated on angle brackets riveted to the inner 
faces of the web members of the trusses. 

The 125-ft. span with an 18-ft. roadway and 
a capacity for a 15-ton roller is of the same 
general type as the pony spans except for the 
cross-sections of the truss members and for 
the addition of a top lateral system. The top 
chords and end posts have regular trough- 
shape cross-sections made of two channels and 
a cover plate, and the inclined web members 
have I-shape cross-sections made of pairs of 
angles with latticed webs. The transverse 
struts and the X-braces between the top 
chords are made of pairs of angles connected 
by latticing in vertical planes and are field- 
riveted to pairs of top-chord flange plates. 


The portal struts are light lattice girders — 


about 4 ft. deep, with each chord made of a 
pair of flange angles field riveted across the 
inclined end posts. 

The principal points of difference between 
the 150-ft. and the 125-ft. spans are that the 
latter have inclined top chords, vertical posts 
receiving floor beams below the bottom chords, 
roller bearings at expansion ends, and a plank 
floor on steel stringers. The top laterals are 
all pairs of 3% x 24% x 5/16-in. angles latticed, 
and the bottom laterals are pairs of 2% x 
2% x 5/16-in. angles riveted together back to 
back. The portals are double lattice girders 
4% ft. deep with 3% x 24% x 5/16-in. angle 
diagonals. The top chord transverse struts 
are replaced by sway frames 6 ft. deep. 

The designs were prepared under the di- 
rection of the commissioners, Mr. F. Percy 
Hooker, Mr. T. Warren Allen and Mr. Rob- 
ert Earl, and Mr. Samuel Holmes, bridge en- 
gineer of the Department of Highways. 
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Underpinning a Stone Retaining 
Wall 


The construction now in progress on Section 
1 of the Lexington Avenue Subway in New 
York City involved the excavation of a trench 
about 24 ft. deep through sand on Church 
Street, where the ground water level was about 
12 ft. below the surface of the commencement 
of the work. Trinity Churchyard has a front- 
age of 425 ft. on Church Street opposite the 
excavation and is at an elevation of 15 ft. 
above the pavement. The soil here is retained 
by a massive stone wall with gravity section 
and a footing about 2 ft. 6 in. below street 
level. The base of this wall is about 18 ft. 
from and parallel to the neat line of the sub- 
way structure. 

The soil is so unstable that it was considered 
hecessary to support the toe of the wall and 
provide against undermining and loss of ma- 
terial from the rear of the wall before com- 
mencing the subway excavation. This was ac- 
complished by underpinning the wall with solid 
concrete carried down about ro ft. to ground- 
water level and supported on cylindrical col- 
umns extending below subgrade and inclosed 
on the outer side by a line of permanent inter- 
locking steel sheeting to prevent any displace- 
ment of the churchyard soil. 


DrivInG FOUNDATION PILEs 


Operations were commenced by sinking in 
front of the wall a line of 5x5-ft. pits 5 ft. 
apart in the clear, which were excavated to 
ground-water level and sheeted with horizontal 
boards. The center line of these pits was 
about 6 in. beyond the face of the wall, so that 
each pit projected 2 ft. under the wall footing, 
far enough to permit driving there one or two 
steel pipes 14 in. in diameter. These pipes: 
were made of light riveted sections 2 ft. long, 
with telescope joints, driven to a final depth 
of 2 ft. below subgrade by a 500-lb. cylindrical 
drop hammer 3 ft. long. 

The hammer was operated, without special 
bearings, between three vertical guide rods 5 ft. 
long, which were rigidly attached to a heavy 
wooden cap engaging the top of the pipe. The 
hammer was hoisted by a manila line carried 
through a snatch block suspended above the 
pile, and thence to the capstan head of an elec- 
tric hoisting engine. The engineman tailed off 
the slack and released it to make about ten 
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strokes per minute, thus driving the piles at a 
maximum rate of from Io to 20 lin. ft. in one 
eight-hour shift. As the piles were driven the 
interior was excavated by a Hayward dwarf 
orange-peel bucket or by a sand auger operated 
by hand. 

Interlocking steel-sheet piling was driven to 
below subgrade at the rear of the pipe to pre- 
vent the possibility of a flow of quicksand after 
the excavation was begun. The pipes and the 
bottoms of the pits were concreted and on 
them were built brick piers 3 ft. square, wedged 
up to bearing against the old wall footings to 
carry the weight of the latter. All of the 
space around the woodwork was concreted and 
grouted, after which the intermediate spaces 
between the pits were excavated, foundation 
piles driven in them, new piers built and the 
concreting and grouting repeated so as to form 
with the first work a continuous retaining wall 
supported on column foundation carried below 
subgrade to an elevation beyond the probability 
of disturbance. ‘ 

The work was executed by Frederick L. 
Cranford, Inc., contractor for Section 1 of the 
subway, with the approval of the Public Service 
Commission, of which Mr. Alfred Craven is 
chief engineer; Mr. Robert Ridgeway, engineer 
of subway construction, and Mr, J. O. Ship- 
man, division engineer. 


Stream-Flow Formule and the 
Ohio Flood 


A stream flow ranging from 325,000 to 
390,000 sec.-ft., equivalent to a runoff of from 


‘85 to 102 sec.-ft. per square mile of watershed, 


which was recorded at a point 1% miles below 
Miamitown on the Great Miami River during 
the Ohio floods last March, has convinced 
Mr. John A. Hill, consulting engineer, of Cin- 
cinnati, that existing formule for calculating 
maximum strain discharge cannot be depended 


upon in such extreme cases as the one in 


question. In a paper delivered before the 
Ohio Medical Association on Sept. 3 he said 
that the channel at Miamitown is of good sec- 
tion, and several high-water marks were es- 
tablished by the farmers during the crest of 
the flood or immediately after it had passed. 
Sections and slopes were carefully measured 
early last July and the condition of the channel 
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Formula Sec.-ft. 
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noted, and from these data it was calculated 
that during the height of the flood a volume 
of water ranged between the amounts given 
above. This is an enormous volume for the 
drainage area, but it is justified by the rain- 
fall records of twelve gaging stations well 
distributed on the watershed above Miami- 
town and by an estimate of the probable run- 
off’ from these records. A calculation of the 
discharge from these rain gagings gives 
400,000 sec.-ft. 

Comparing the results of various formule 
applied to the watershed above» Miamitown 
with the probable flood flow based on the rain 
gagings it will be observed that only the Kut- 
ter formula approximates this discharge. 


The table demonstrates that no formula 
would have predicted the flood of last March, 
as close study of flood conditions in this 
country has been limited to the last few years. 
Swiss, Italian, German and Russian engineers 
have for many years studied the subject in re- 
lation to their own rivers and watersheds, but 
their rules for flood discharge apparently will 
not fit the flood conditions in Ohio or possibly 
elsewhere in this country. 


Coast Range Tunnel Holed Through 


The tunnel through the Coast Range at Noti, 
Ore., on the Willamette Pacific Line between 
Eugene and Coos Bay, was holed through on 
Aug. 27 and 400 tunnel workmen in the camps 
of Twohy Brothers, railroad contractors, ate 
chicken dinners in celebration of the event. 
The tunnel is 2480 ft. long and the headings 
were advanced a little over 300 ft. in the 
twenty-seven days prior to the meeting. Work 
has been in progress for the last year and a 
half, and it is estimated that a month more 
will be required to complete the tunnel. 


Book Reviews 


“Builders’ Quantities” is the subject of a 
book by William Edgar Ballard, Assoc. M. Inst. 
C. E., lecturer on building construction and 
quantities, City of Birmingham Municipal 
Technical School, the book being one of the 
“Longmans’ Technical Handicraft: Series.” 
There are 123 pages, with fourteen chapters. 
The first chapter is introductory and the second 
defines the abbreviations of trade terms and 
mensuration used. The third and fourth 
chapters give respectively an order of taking 
off for the various trades, an enumeration of 
probable conditions and provisions, and the 
remaining chapters are devoted to the differ- 
ent classes of workers interested—the exca- 
vator, bricklayer, mason, slater and tiler, car- 
penter and joiner, ironmonger, smith and 
founderer, plasterer, plumber, and painter, 
paperhanger and glazier, The book uses the 
English units and nomenclature, and will prob- 
ably be more useful to English than to Ameri- 
can builders. (London, New York, Bombay 
and Calcutta, Longmans, Green & Company. 
go cents net.) 


The National Fire Protection Association 
has issued new editions of the “National Elec- 
trical Code” and of suggestions of the Board 
of Underwriters for protection against light- 
ning. The former embodies the rules and re- 
quirements of the National Board of Under- 
writers for electric wiring and apparatus. Both 
pamphlets are of pocket size, the code com- 
prising 205 pages and the one on protection 
against lightning 10 pages. Both should be of 
value to engineers engaged in building and 
industrial-plant work. (Boston, National Fire 
Protection Association.) 


SrructuraL Derstcn. Volume 1—Elements of Struc- 
tural Design. By Horace R. Thayer, Assistant Professor 
of Structural Design, Carnegie Technical Schools. Cloth, 
6 x 9; 221 pages; 69 figures. New York, D. Van Nostrand 
Company. $2 net. 

(Reviewed by Frank H. Constant, Professor of Structural 
Engineering, University of Minnesota. 

The author states in the preface that the 
work is to form the first volume of a trilogy, 
the second and third parts of which will cover 
respectively the design of simple structures, 
such as plate girders, viaducts, truss bridges, 
mill and office buildings and standpipes, and 
the design of the so-called higher structures, 
such as cantilever, movable and suspension 


bridges, and arches. The present volume cov- 


ers wooden structures and the elementary prin- 
ciples of design in steel. It presupposes a 
knowledge of mechanics, stresses and the de- 
pendent mathematics. It is divided into five 
chapters. Chapters 1 and 2 include a brief men- 
tion of the properties and characteristics of 
structural timber, cast iron and steel, wrought 
iron, steel and its alloys, and paint, and a 
description of the common steel shapes usually 
found in the handbooks. Chapter 3 covers 
wooden structures, including roof trusses, 
trussed beams, Howe trusses and trestle bents. 
Methods of proportioning members and joints 
are briefly given and numerical examples are 
worked out for each type. The treatment of 
the trussed beam presupposes a knowledge of 
the theory of indeterminate structures and of 
least work; otherwise the methods are ele- 
mentary, simple and direct. 

Chapters 4 and 5, constituting nearly two- 
thirds of the book, are devoted to the meth- 
ods of bridge-company organization and pro- 
duction. In the former the author gives a 
description of the various component shops 
and the several steps in the fabrication and 
erection of the work. Chapter 5 covers the 
engineering department of the bridge company 
and some of the problems of design. A brief 
structural specification is given, a few econom- 
ical relationships for span and panel lengths, 
and depth of truss are worked out algebraic- 
ally (which, as is usual in all such develop- 
ments, are of doubtful value), and the funda- 
mental principles for the design of beams, 
girders, tension and compression members are 
briefly presented and illustrated by numerical 
examples. 

The methods of detailing and of making, 
marking and checking shop drawings are satis- 
factorily treated, and this part of the book will 
prove helpful to beginning shop draftsmen and 
students engaged in similar work. Structural 
shop drafting as a distinct and important art 
has not received sufficient recognition in tech- 
nical literature, and this book is intended pri- 
marily as a reference work along this line. It 
is almost wholly descriptive and as a general 
book upon structural design is open to the 
criticism of trying to cover too much ground, 
and inadequately. It is to be hoped that the 
author, in the succeeding volumes, will recog- 
nize the immense amount of theory in all good 
practical designing and emphasize this im- 
portant side of the subject. 


PLans or Gratin Exvevators. Third Edition. Cloth, 
9 x 12; 412 pages; 1279 illustrations. Grain Dealers’ Jour- 
nal, Chicago. $5 net. 


This volume is designed to assist grain 
dealers contemplating building new elevators 
or overhauling old ones in forming some de- 
finite idea as to the style of house best suited 
to their needs. Consideration is given to de- 
fective and inferior construction and design 
and some of the difficulties met with by build- 
ers are recounted. 

The illustrations are well selected and con- 
sist of photographs and drawings. Designers 
of grain elevators and storehouses will find 
valuable hints in this volume. 


IrRIGATION: Its PRINCIPLES AND PRACTICE AS A BRANCH 
oF ENGINEERING. By Sir Hanbury Brown. Cloth, 6 x 9: 
301 pages; 77 illustrations. New York, D, Van Nostrand 
Company. $5 net. 


The author has had an extensive experience 
in the design and construction of irrigation 
works in Egypt and India and is well quali- 
fied to discuss the principles and practice of 
irrigation engineering. The preface states 
that “this work attempts to set forth the guid- 
ing principles that should govern the practice 
of irrigation and to furnish illustration of 
their application in existing canal systems.” 
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As would be expected, the illustrations and 
examples have been mostly drawn from irri- 
gation works in India and Egypt. 

The value and effects of irrigation are dis- 
cussed in the first chapter. In Chapter 2, en- 
titled “Basin System,” basins and inunda- 
tion canals are treated in detail. The peren- 
nial system of irrigation is described in Chap- 
ter 3, which also includes a brief discussion 
of the “duty” of water. The various sources 
of supply, with methods used in storing water, 
are discussed in Chapter 4. Chapter 5 treats 
in a thorough manner of the principles of de- 
sign of reservoirs and the different types of 
dams. Methods of drawing the supply into 
the reservoir are described in Chapter 6. In 
Chapter 7, “Methods of Construction,” the 
methods of sinking foundations in water are 
gone into. This chapter is very instructive for 
American engineers. Means of distribution 
are discussed in Chapter 8 and masonry works 
on irrigation canals are described in Chapter 
g. Interesting and valuable data on the admin- 
istration of irrigation systems are given in 
Chapter Io. 

Chapter 11 is devoted to the control of the 
banks of canals and streams. Chapter 12, 
“Agricultural Operations and Reclamation 
Works,” contains interesting hints on the use 
of water for irrigation purposes. Chapter 13 
deals of irrigation canals as a means for navi- 
gation. 

The book is well written, in an entertaining 
and pleasing style. The presswork, paper and 
binding are excellent, but the line drawings 
are badly executed and are not in keeping 
with the remainder of the book. The book 
not only covers the practice of irrigation as 
carried on in India and Egypt but contains 
a large amount of valuable information on 
the practice of irrigation and should find a 
place in the library of every irrigation engi- 
neer. 


Letters to the Editor 


Maps and Profiles for Federal 
Valuation of Railroads 


Dear Sir: With reference to the tentative 
draft of specifications for maps and profiles 
for the Federal valuation of the railroads sub- 
mitted by the Interstate Commerce Commis- 
sion, and the objections of the railroads there- 
to, as outlined in your issue of Sept. 13, any 
civil engineer who has worked a considerable 
length of time in railroad work knows that 
some maps on all railways systems and a large 
number of maps on some railways are in a 
deplorable condition as regards up-to-date in- 
formation. Bearing this in mind, a superficial 
glance into the specifications concerning maps 
would apparently justify their demands. There 
are, however, no two cases where conditions 
are exactly parallel, and while in some cases 
the specifications as outlined might be just 
the thing required, in other cases rigid ad- 
herence to specified standards would cause 
unnecessary duplication, which would result 
in an enormous and needless expense of both 
time and money. 

In requiring the railroads to furnish original 
tracings to the Government, the commission 
is exacting more than the roads allow their 
own valuation departments. It has been the 
writer’s experience, even where a railway 
system maintains a well-organized and sys- 
tematized valuation department, that the de- 
partment is not furnished with tracings except 
in rare cases. Cloth blueprints are furnished 
and these are corrected and kept up to date by 


means of colored inks, the corrections being 
obtained either by the agents of the depart- 
ment or received in blueprint or other form 
from the various offices of the system. This 
method, together with a negative enabling the 
Government to obtain as many prints as de- 
sired, should be sufficient for the needs of the 
commission. As suggested in the Engineer- 
ing Record, the various standard requirements 
could be met where new maps are necessary. 

There is no doubt that the specifications re- 
garding right-of-way maps would produce 
ideal results as far as the Government is con- 
cerned, but it seems unjust that a railroad 
should be required to furnish such an enor- 
mous amount of information concerning prop- 
erty that is entirely outside of its physical 
boundaries. 

The matter of profiles requires special at- 
tention. Copies or prints of the original pro- 
files of the older lines are extremely rare, 
and even corrected profiles (due to change 
of alignment or grade) of our more re- 
cent lines are difficult to obtain. The 
original ground line in large cities, where 
the land adjacent to the railway property has 
been worked and improved, is obtainable only 
from profiles, and trouble encountered in ob- 
taining these intensifies the difficulties of ap- 
praising one of the largest items, grading, 
which constitutes about 14 per cent of the 
entire physical valuation of an ordinary rail- 
road in the Middle Western States. From 


these facts it appears that the Interstate Com-" 


merce Commission is justified, to a large ex- 
tent, in demanding new and up-to-date profiles. 
Where available, however, old profiles that 
are corrected to date and show the desired 
information should be acceptable to the com- 
mission regardless of whether they meet re- 
quirements as to size, scale used, direction of 
stationing and type of lettering. 
Chicago. CLaubE L. Van AUKEN. 


Corrections in British Columbia 
Dredging Data 


Dear Sir: Referring to data given in the 
Engineering Record of Aug. 23, page 209, 
dealing with the performance of Dominion 
Government dredges in British Columbia, I 
wish to draw your attention to two errors. 

The first error is on page 197 in the article 
entitled “Reference Data on Dredges.” You 
state that the British Columbia dredging fleet 
is still under my active direction. This is not 
the case; I left the service about nine months 
ago. 

The other error is in Table 2, on page 210. 
The total cost of operation of the dredge 
“Fruhling” was $92,552, instead of $12,552. I 
think this error must be a typographical one. 

Vancouver, B. C. H. A. BayFieLp. 


Automatic Chemical Feeder 


Dear Sir: In connection with the descrip- 
tion of the chemical feeder printed on page 
264 of the Engineering Record of Sept. 6, I 
wish to state that the results were not obtained 
with the use of a Venturi tube of the usual 
type, as one would readily infer from the 
sketch presented. Instead the constriction in 
the 6-in, main to which the chemical was 
added was obtained by inserting a stick of 
wood cut to the desired shape. A cylindrical 
stick, 4 ft. long and 6 in. in diameter, was cut 
and from this a piece, wedge shaped at both 
ends, was sawed. This piece was fastened 
inside the pipe with a single screw through 


a drill hole in the iron. The area of the full 
section was to the area of the reduced section 
approximately as 5 to I. 


Urbana, III. RatpH HILscHeErR. 


Forfeiture of Contract Bond 


Dear Sir: When a man breaks a contract 
of any description he thereby forfeits the 
faith of the party of the other part. I am 
not in a position to answer the query of Mr. 
Bader in the Engineering Record of Sept. 13, 
page 307, as regards public work, but I have 
been in touch with some experiences with con- 
tract work performed for corporations. 1 
will cite an instance where an agreement was 
abandoned by the prospective contractor. 

lt was the desire of this corporation to have 
the old coal bunkers removed from what was 
once a small power plant, but which was then 
being converted into a substation for the dis- 
tribution of electric energy. The work was 
of a difficult character, the steel bunkers be- 
ing situated high above the boilers; the latter 
had already been removed. What made the 
work still more “ticklish’”’ was the fact that two 
1000-kw rotary converters had been installed 
on the floor beneath the bunkers. Thus the 
dropping of a bolt during the dismantling of 
the bunkers might wreck a $15,000 machine. 

The contract was advertised and several 
estimates were received. The lowest bidder 
offered to do the work for $3000 plus the ma- 
terial. The corporation insisted that he put 
up a bond covering his estimate as an evidence 
of good faith, and he complied. A firm will- 
ing to furnish his bond was found. Then the 
contract was prepared. 

.In the meantime the contractor, who was 
not an American, began to lose nerve. He as- 
serted that he was willing to perform the work 
but asked that the corporation first cancel his 
bond, as he did not feel that he should work 
under bond, considering the difficulty of the 
job. 

The job was important and the corpora- 
tion, anxious to have it completed, consented 
to assume all risks. However, as soon as the 
bond was canceled the contractor backed out 
entirely and the corporation had to find some 
one else to do the job for 50 per cent more 
money. The estimates of this contractor were 
never again considered upon any of the com- 
pany’s subsequent work for the reason that he 
is considered incompetent and untrustworthy. 

As to the legality of such exclusion in the 
case of public work, it is dependent upon the 
laws of the State and the charter of the 
municipality. In general, however, no man 
can be excluded from estimating upon public 
work. The fact that he forfeited his bond 
on a previous contract should not stand 
against him, in a legal sense, because by re- 
quiring a bond the city, etc., admits the break- 
age of the contract legal, if compensated for 
by the payment of a certain sum of money. 
But while in general all should be allowed to 
bid who are able to put up the required bond, 
it is not necessary that the estimate of each 
bidder shall be considered. If, for any rea- 
son, a certain bidder should be thought to be 
unreliable, his estimate can be turned down. 

The legal status of the situation in general 
may be summed up thus: Any citizen capable 
of performing a certain work has the right to 
submit an estimate covering said work. The 
lowest bid should be selected, unless, in the 
opinion of the board, council, etc., the con- 
tractor submitting such bid shall be held to be 
untrustworthy, and his work, therefore, derog- 
atory to the welfare of the State. 

Brooklyn, N. Y. W. F. ScHapnorst. 


